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1.0  GENERAL  EMCS  APPLICATION  STUDY 


1.1  INTRODUCTION 

The  objectives  of  the  Energy  Monitoring  and  Control  System  (EMCS) 
Application  Study  are  to  1)  perform  feasibility  studies  of  Homestead 
AFB,  Fla.,  Fairchild  AFB,  Wash.,  and  Grand  Forks  AFB,  N.D.  to 
determine  optimum  EMCS  configurations  for  these  Bases,  2)  develop 
general  procedures  to  analyze  and  economically  prioritize  EMCS  func- 
tions, and  3)  use  the  results  of  steps  1 and  2 to  develop  outline  per- 
formance specifications  for  use  in  future  USAF  acquisition  of  EMC 
systems.  This  work  has  been  accomplished  in  two  phases.  The  first 
phase  consisted  of  the  feasibility  studies  of  two  of  the  selected  bases 
along  with  accompanying  engineering  description  and  documentation. 
The  second  phase  consists  of  generalization  of  the  procedures  used  in 
Phase  I,  testing  of  these  procedures  on  one  additional  installation,  and 
preparation  of  a resulting  outline  specification. 

Both  phases  of  the  project  have  been  completed  and  the  results  are 
reported  herein. 

A properly  designed  EMCS  gives  the  BCE  the  ability  to  monitor  and 
control  a wide  variety  of  points  within  his  facilities.  This  report  looks 
only  at  functions  which  directly  reduce  energy  consumption.  It  should 
be  noted  that  operations  and  maintenance  functions  may  be  equally 
important  to  the  BCE. 
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1.2  BACKGROUND 

Over  the  past  thirty  years,  Energy  Monitoring  and  Control  Systems 
(EMCS)  have  undergone  an  evolutionary  process.  To  understand  the 
current  Air  Force  EMCS  situation,  a brief  review  of  that  evolution  is 
needed . 

The  early  forerunners  of  modern  EMCS  were  the  hardwired  central 
panel  banks  common  in  large  buildings  of  thirty  years  ago.  These 
central  panel  banks  were  connected  via  individual  wires  or  pneumatic 
tubing  to  sensors  and  controllers  throughout  a large  structure.  The 
main  purpose  of  the  panels  was  to  monitor  temperatures,  pressures, 
etc.,  from  a central  location.  This  location  was  generally  the  building 
engineer's  office.  Because  of  the  method  of  gathering  data,  that  is, 
individual  wires  or  tubing  to  each  point,  these  systems  were  generally 
only  used  in  large  single  building  installations.  These  panels  offered 
little  control  over  the  equipment  which  they  monitored  other  than  the 
starting  and  stopping  of  that  equipment. 

The  next  step  in  the  evolutionary  process  was  the  development  of 
"smart"  central  equipment.  The  central  processing  unit  (CPU)  of  these 
systems  was  actually  hardwired  logic  circuits.  One  of  the  main  differ- 
ences between  these  systems  and  their  predecessors  was  that  these 
systems  could  digitally  display  temperatures  and  pressures  instead  of 
using  gauges  and  dials.  These  systems  also  contained  a memory  where 
historical  data  could  be  stored.  The  primary  purpose  of  these  systems 
was  to  report  alarms  and  monitor  temperatures  and  pressures  through- 
out a building.  The  only  common  control  features  of  these  systems 
were  time  schedule  start-stop  and  manual  temperature  control  point 
adjustment.  Programming  of  the  machine  was  limited  strictly  to  what- 
ever fixed  circuitry  a manufacturer  had  developed  for  the  specific 
machine. 

A significant  improvement  in  the  performance  of  the  hardwired  logic 
units  resulted  from  the  combination  of  these  units  with  a multiplexed 
transmission  system.  In  such  a transmission  system,  individual  sensors 


and  controllers  were  wired  to  a concentrator  field  panel  installed  near 
the  sensor  locations.  At  the  field  panel  the  signals  were  converted  to 
digital  form  and  multiplexed  to  the  CPU.  This  system  required  the 
installation  of  only  a two  or  four  wire  cable  from  the  CPU  to  concentra- 
tor panels  in  mechanical  rooms  throughout  a building  instead  of  the 
many  multi-conductor  cables  necessary  for  previously  described  systems 
of  this  type.  Once  this  configuration  of  system  was  developed,  the 
first  multi-building  complexes  began  to  apply  the  concept  of  central  I 

monitoring  and  control.  This  system  was  common  on  college  campuses  : 

and  was  used  in  early  Air  Force  EMCS  installations.  i 

Another  major  improvement  in  system  flexibility  and  performance  was 
replacement  of  the  hardwired  logic  CPU  with  a general  purpose  mini-  i 

computer.  This  step  allowed  the  manufacturers  easy  programming  of  i 

the  systems,  easy  modification  of  the  systems,  and  greater  flexibility  in  | 

using  the  monitored  information.  Through  software,  the  manufacturers  i 

could  monitor  data,  perform  calculations  with  the  collected  data,  and 
use  the  results  of  those  calculations  to  send  commands  to  field  controll- 
ers or  sound  alarms.  Although  the  application  of  general  purpose 
computers  made  programming  easy  for  the  manufacturer,  they  did  not 
pass  this  flexibility  on  directly  to  the  customer.  Most  purchasers  of 
these  systems  were  interested  in  the  operations  the  systems  performed 
and  not  in  how  they  performed  those  operations.  As  a result  of  this 
approach,  from  the  customer's  standpoint,  a major  project  was  required 
to  add  a single  point  to  the  system,  to  change  constants  related  to  a 
point,  or  to  add  specialized  programs  to  the  computer  software  library. 

In  general,  only  the  original  manufacturer  was  capable  of  performing 
these  actions,  thus  resulting  in  a non-competitive  procurement  situ- 
ation. 

The  above  evolution  generally  describes  the  process  with  which  major 
conventional  controls  manufacturers  developed  the  systems  they  are 
marketing  today.  A different  group  of  manufacturers  has  appeared  on 
the  scene  within  the  past  five  years.  These  manufacturers  are  gener- 
ally smaller  firms  with  backgrounds  in  process  control  applications  or 
general  computer  systems  applications,  instead  of  a conventional  con- 
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trols  background.  Their  approach  has  been  to  use  off-the-shelf  com- 
puter, transmission,  and  sensor  components.  The  components  are  com- 
bined with  proprietary  software  to  form  an  EMCS.  These  manufacturers 
claim  to  provide  greater  flexibility  and  adaptability  to  the  owner  of  an 
EMCS  for  less  cost.  Their  main  support  for  this  argument  is  that  their 
systems  generally  allow  the  owner  to  take  advantage  of  the  full  com- 
puter capability  without  having  to  retain  the  manufacturer.  This  flex- 
ibility allows  the  owner  to  write  programs,  modify  existing  programs, 
and  retrieve  monitored  data,  which  is  not  possible  with  most  of  the 
major  conventional  control  manufacturers'  systems.  This  competition  is 
now  causing  a re-evaluation  of  the  system  design  philosophy  of  the  major 
control  manufacturers. 

The  Air  Force  has  been  involved  in  all  stages  of  the  evolutionary 
process  described  above.  Many  large  individual  buildings,  such  as 
hospitals,  contain  the  hardwired  central  panel  systems  that  were  the 
initial  forerunners  of  the  EMCS.  These  applications  were  generally 
limited  to  individual  buildings.  The  first  Base-wide  systems  which 
instrumented  multiple  buildings  were  procured  when  the  multiplexed 
transmission  system  in  conjunction  with  the  hard  logic  CPU  became 
available.  At  that  time  the  principal  justification  for  procurement  of 
such  systems  was  the  monitoring  of  equipment  to  reduce  manpower 
requirements.  Minimal  control  was  available  or  emphasized  in  these 
early  projects.  The  installations  attained  varied  operational  success, 
but  virtually  all  of  the  systems  failed  in  the  manpower  reduction  objec- 
tive. During  the  first  few  months  of  system  operation,  a concentrated 
effort  by  the  manufacturer  was  necessary  to  de-bug  the  system  before 
acceptance  by  the  Air  Force.  Once  these  systems  were  accepted,  they 
slowly  decayed  for  several  reasons.  This  decay  could  easily  be  observ- 
ed in  the  inaccurate  operation  or  failure  of  the  field  sensors.  This 
process  continued  until  base  personnel  generally  lost  confidence  in  the 
system . 


The  energy  crisis  and  the  advent  of  computer  based  systems  brought 
new  interest  and  direction  to  central  control  applications.  The  rapid 
rise  of  energy  costs,  coupled  with  the  increased  system  capability  to 
reduce  energy  consumption,  has  improved  the  economic  feasibility  of 
energy  monitoring  and  control  system  application.  Although  the  sys- 
tems have  not  reduced  manpower  as  expected,  some  manpower  savings 
are  possible  and  will  be  realized.  More  importantly,  the  energy  conserv- 
ing control  aspects  of  the  system  are  of  such  value  that,  in  long  range 
terms,  they  can  be  justified  on  that  basis  alone. 

As  described  above,  central  control  systems  have  evolved  from  sys- 
tems whose  principle  value  was  the  monitoring  of  points,  to  systems 
whose  principle  value  is  the  control  of  equipment.  Because  of  this 
process  of  evolution,  with  its  inherent  inertia,  problems  have  occurred. 
The  engineering  design  process  has  not  kept  pace  with  the  change  in 
purpose  of  the  EMCS  from  monitoring  to  control.  Many  recently  install- 
ed systems  include  a number  of  points  whose  only  purpose  is  monitoring 
of  equipment  and  which  effect  no  direct  energy  savings.  Generally, 
insufficient  funds  are  available  at  one  time  to  purchase  this  full  cap- 
ability for  every  building  on  an  Air  Force  Base.  The  result  of  this 
limitation  is  that  a reduced  system  is  procured  by  not  connecting  some 
or  many  of  the  buildings  on  a given  Base.  This  approach  results  in 
the  selection  of  many  monitoring  functions  with  no  associated  energy 
savings  in  one  building,  while  another  building  is  not  connected  to  the 
EMCS  at  all.  An  alternative  to  this  approach  is  to  delete  monitoring 
points  from  the  first  building  and  connect  energy  conserving  points,  or 
energy  control  points  in  the  second  building.  Whether  or  not  to  delete 
monitoring  points  is  a decision  of  management  that  has  to  be  looked  at 
on  an  individual  basis  based  on  past  experience. 

Generally,  the  design  philosophy  within  the  Air  Force  EMCS  program 
has  enlarged  to  include  the  energy  conscious  approach.  Systems  now 
under  design  are  being  configured  on  the  basis  of  energy  savings  as 
well  as  O&M  functions.  A number  of  complex  problems  involved  in 
determining  the  optimum  configuration  of  an  EMCS  for  a particular  Base 


have  been  defined  as  a result  of  this  enlargement  in  design  philosophy. 
The  complexity  of  the  problems  stems  from  the  inter-relationship  of 
costs  to  perform  alternative  EMCS  activities.  One  of  the  primary  pur- 
poses of  this  study  is  to  examine  these  analysis  problems  and  to  deve- 
lop a procedure  to  solve  them. 


1.3  EMCS  DEFINITION 


Before  an  in-depth  study  of  EMCS  applications  can  be  undertaken,  it 
is  necessary  to  define  an  EMCS.  This  is  necessary  to  identify  the 
problems  which  are  encountered  in  the  design  analysis  of  such  a sys- 
tem. 

Based  on  the  current  Air  Force  design  philosophy,  the  primary  pur- 
pose of  an  EMCS  is  to  effect  reduced  energy  consumption  and  thus 
reduce  energy  related  operating  expenses.  This  goal  is  accomplished 
by  exercising  control  over  the  energy  consuming  systems.  Many  differ- 
ent EMCS  configurations  are  available  which  will  accomplish  these  goals. 
Common  to  all  of  the  systems,  as  indicated  in  Figure  No.  I,  is  the 
requirement  to  transfer  data  from  remote  areas  to  a central  location. 
At  the  central  location,  the  data  from  the  remote  locations  are  displayed^ 
analyzed,  compared  to  and  combined  with  other  current  and  historical 
data  gathered  and  maintained  by  the  EMCS.  Based  on  this  information, 
in  conjunction  with  operator  decisions,  and  automatic  preprogrammed 
activities,  control  decisions  are  made.  Following  the  decision  making 
process,  instructions  are  transmitted  to  actuators  which  react  as  re- 
quired to  satisfy  the  instructions. 

Because  this  is  a study  of  Air  Force  EMCS  applications,  only  those 
configurations  applicable  to  Air  Force  installations  will  be  considered. 
Generally  an  Air  Force  EMCS  will  consist  of  a central  control  center,  a 
data  transmission  system  between  the  central  control  system  and  each  of 
the  buildings  connected  to  the  EMCS,  and  sensors  and  actuators  with 
their  related  equipment  located  in  each  building  connected  to  the  EMCS. 
The  central  control  center  is  normally  located  in  the  Base  Civil  Eng- 
ineer's Office  near  the  work  desk  area  which  is  manned  24  hours  per 
day. 

The  transmission  system  is  designed  to  transmit  data  between  indivi- 
dual buildings  (generally  dispersed  over  a large  geographical  area)  and 
the  Central  Control  Center. 
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CURE  1 - EMCS  INFORMATION  TRANSFER 


The  field  equipment  (sensors  and  actuators)  must  be  designed  to 
interface  with  existing  energy  consuming  systems  of  varying  size,  age, 
and  operating  condition.  Only  in  a very  few  instances  has  the  EMCS 
field  equipment  been  designed  and  installed  as  an  original  part  of  the 
system  to  which  it  is  connected. 

As  shown  in  Figure  No.  2,  the  basic  components  of  the  central  con- 
trol center  include  a computer,  a system  control  console,  a mass  storage 
device  (usually  a disk),  a hard  copy  output  device,  and  a communic- 
ations multiplexer/controller.  The  computer  controls  all  central  control 
center  devices,  processes  data,  executes  programs  and  interprets 
commands.  The  system  control  console  is  used  by  the  operator  to 
communicate  with  the  EMCS.  The  mass  storage  device  is  used  to  store 
information  that  is  not  currently  being  utilized  by  the  computer.  When 
a permanent  copy  of  an  alarm  or  a report  is  desired  by  the  operator, 
the  hard  copy  output  device  is  used  for  this  function.  The  communic- 
ations multiplexer/controller  provides  the  interface  between  the  central 
control  center  and  the  data  transmission  system.  The  multiplexer/ 
controller  controls  input  and  output  information  received  from  the 
various  data  transmission  system  components. 

The  data  transmission  system  may  be  of  varied  configurations  and 
consist  of  several  different  components.  Among  the  methods  used  to  j 

transfer  data  between  the  central  control  center  and  the  remote  build-  j 

ings  are  leased  or  government  furnished  telephone  lines,  specially  j 

installed  dedicated  signal  lines,  radio  transmission,  and  microwave 
transmission.  Many  different  methods  and  design  philosophies  are 
associated  with  each  of  these  types  of  data  transfer.  At  this  time, 
none  of  the  EMCS  manufacturers  use  exactly  the  same  transmission 
methods  and  protocols. 

To  interface  with  the  transmission  system  and  subsequently  the  cen- 
tral control  center,  a remote  building  must  be  connected  through  at 
least  one  field  interface  device  (FID).  This  device,  as  shown  in  Figure  | 

No.  3,  includes  the  electronic  equipment  necessary  to  receive  and  send 

I 

information  over  the  specific  transmission  system,  to  receive  signals 
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CURE  3 - EMCS  REMOTE  BUILDING  CONFIGURATION 


from  field  sensors,  and  to  transmit  signals  to  field  actuators.  For 
each  of  these  functions,  the  FID  contains  signal  conditioning  electronics 
to  amplify,  convert,  or  otherwise  modify  field  signals  into  a standard 
configuration.  The  field  interface  device  also  contains  analog  to  digital 
convertors  which  convert  analog  signals  from  field  sensors  into  a digital 
form  for  transmission  to  the  central  control  center  and  convert  digital 
signals  from  the  control  center  to  analog  signals  for  control  of  actua- 
tors. Typically,  sensors  connected  to  the  field  interface  device  mea- 
sure temperatures,  pressures,  position  of  various  mechanical  devices, 
relay  status,  switch  status,  etc.  The  actuators  discussed  consist  of  a 
variety  of  devices  including  motors,  valves,  switches,  positioners, 
contactors,  controllers,  etc. 

Recent  industry  trends  are  toward  the  use  of  "smart"  field  interface 
devices.  In  these  systems  the  field  interface  device  contains  a micro- 
computer system  capable  of  handling  and  storing  data  from  sensors,  and 
transmitting  data  to  the  central  control  center  by  exception.  These 
FIDs  are  designed  so  they  can  continue  operation  even  when  communic- 
ation with  the  central  control  center  is  interrupted.  They  are  smart 
enough  to  do  time  clocking  and  some  system  optimization. 

This  discussion  constitutes  a simplified  and  generalized  definition  of 
an  energy  monitoring  and  control  system.  There  are  as  many  different 
devices  and  configurations  for  each  of  the  components  defined  as  there 
are  EMCS  manufacturers.  The  basic  purpose  for  defining  an  EMC5  is 
to  identify  the  primary  common  components  of  the  system  and  illustrate 
the  flow  of  information  between  the  various  components. 


1.4  EMCS  LIFE  CYCLE 


I i 


t 

I 
1 

1 

To  properly  study  EMCS  applications  it  is  necessary  to  consider  the 
process  by  which  an  EMCS  is  created,  used,  and  modified  during  its  j 

lifetime.  This  life  cycle  consists  of  seven  stages.  These  are:  ■ 

i 

I.  Determine  what  the  EMCS  is  to  do.  ; 

f 

II.  Prepare  contract  documents. 

III.  Award  construction  contract. 

IV.  Install. 

V.  Startup  and  checkout. 

VI.  Regular  operation. 

VII.  Decision  to  expand  system. 

Steps  I and  II  constitute  the  normal  design  process  and  are  the  areas 
with  which  this  study  is  concerned.  Once  the  decision  to  expand  the 
EMCS  (Step  VII)  is  made,  the  process  returns  to  Step  1 and  the  pro- 
cedure is  repeated. 

Although  the  design  process  is  important  to  the  success  of  the  EMCS 
life  cycle,  the  other  steps  are  equally  important.  The  procurement 
methods  used  in  Step  III  can  determine  whether  or  not  successful  bids 
are  received.  Decisions  on  whether  to  procure  using  Invitation  for  Bid 
(IFB)  or  Request  for  Technical  Proposal  (RFTP  or  Two  Step)  methods 
may  affect  the  number  of  bidders  interested  in  a project.  Whether  the 
EMCS  project  is  classified  as  a Small  Business  Set-Aside  or  is  open  to 
direct  bidding  by  all  companies  can  have  a substantial  affect  on  prices. 

The  installation  and  startup  and  checkout  processes  are  highly  impor-  < 

tant  to  the  EMCS  life  cycle.  Even  with  perfect  contract  documents,  I 
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lack  of  adequate  construction  supervision  and  test  monitoring  can  result 
in  an  installation  of  poor  quality  and  marginal  operation. 

Finally  the  day  to  day  operation  of  the  EMCS  has  by  far  the  greatest 
effect  on  its  effectiveness  as  an  energy  conservation  tool.  If  poorly 
trained  or  overburdened  personnel  are  in  charge  of  the  system  it  can 
easily  fall  into  a state  of  disrepair  and  lose  the  confidence  of  those 
using  the  system.  Such  a simple  matter  as  the  position  of  the  EMCS 
operator  within  the  Base  Civil  Engineering  organization  can  limit  the 
effectiveness  of  the  energy  saving  aspects  of  the  system. 

In  summary,  this  study  addresses  only  a single  portion  of  the  EMCS  life 
cycle.  Although  the  design  stage  is  an  important  part  of  the  EMCS  life 
cycle,  all  the  other  areas  must  be  adequately  considered  and  planned 
for  in  creating  an  effective  EMCS  program. 
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1.5  ANALYSIS  CONCEPTS 

The  purpose  of  an  Air  Force  EMCS  is  to  reduce  energy  related  costs 
through  centralized  control  of  energy  consuming  systems.  Therefore, 
the  objective  of  the  design  analysis  of  an  EMCS  is  to  determine  the 
EMCS  configuration  which  will  produce  the  most  savings  for  the  least 
cost. 

Before  attempting  to  analyze  an  EMCS,  two  key  concepts  must  be 
understood.  Those  are  1)  what  it  is  an  EMCS  performs  and  2)  what  it 
is  an  EMCS  performs  its  activities  on. 

What  an  EMCS  does  is  called  an  EMCS  "function".  A function  is 
defined  as  a specific  independent  operational  capability.  A function 
generally  consists  of  several  independent  activities  (data  gathering 
and/or  control  commanding)  linked  together  by  logic  to  accomplish  a 
specific  purpose.  Examples  of  EMCS  functions  are  starting  or  stopping 
of  equipment  based  on  the  time  of  day,  enthalpy  based  control  of  an  air 
handler  economizer,  or  reset  of  a multizone  air  handler  hot  deck  based 
on  the  zone  with  greatest  heating  demand.  A single  function  may 
require,  the  use  of  several  sensors  and/or  actuators  to  perform  its  task. 
Conversely,  it  is  true  that  a particular  sensor  or  actuator  may  be  used 
as  a part  of  the  performance  of  several  different  functions.  A descrip- 
tion of  some  of  the  more  common  EMCS  functions  is  included  in  Section 
1.6. 

An  EMCS  performs  its  functions  on  "systems".  A system,  from  an 
EMCS  viewpoint,  is  defined  as  a group  of  energy  consuming  devices 
which  operate  together  to  perform  a single  common  task.  An  example  of 
3 "system"  is  a water  chiller  with  its  associated  chilled  water  pump, 
condenser  water  pump,  cooling  tower  and  various  controls  and  inter- 
locks all  working  together  to  perform  a single  task,  to  chill  water. 
Individual  items  of  equipment  within  a system  do  not  operate  indepen- 
dently of  each  other.  From  a control  and  analysis  standpoint,  each 
system  will  be  considered  to  be  independent  of  the  operation  of  any 
other  system.  It  is  important  to  realize  that  an  EMCS  function  must  be 
applied  to  an  entire  system  and  not  just  to  a particular  item  of  equip- 
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ment  within  that  system.  If  consideration  is  given  only  to  the  operation 
of  a particular  motor  instead  of  to  the  system  of  which  that  motor  is  a 
part,  installation  and  operational  problems  will  occur  from  improper 
operation  of  local  controls,  motor  interlocks,  and  other  items  with  which 
-he  EMCS  must  interface  in  order  to  be  effective.  This  makes  effective 
energy  reduction  control  difficult,  and  makes  an  objective  engineering 
estimation  of  the  savings  resulting  from  that  control  impossible. 

The  concepts  of  EMCS  "functions"  and  "systems"  are  central  to  the 
development  of  a logical  analysis  and  contract  document  preparation 
approach.  Before  an  EMCS  is  installed,  the  functions  it  is  to  perform, 

and  the  systems  on  which  it  is  to  perform  those  functions,  must  be 

thoroughly  analyzed,  investigated,  and  clearly  specified. 

With  the  function  and  system  concepts  in  mind,  the  EMCS  design 
analysis  process  for  a particular  Air  Force  Base  falls  into  three  basic 
design  problems.  These  are: 

1 . What  systems  are  present? 

2.  Which  EMCS  functions  are  applicable  to  each  system? 

3.  Which  of  the  possible  system/functions  should  be  con- 

nected to  the  EMCS  to  provide  the  most  savings  for  the 
least  investment? 

The  first  two  items  are  relatively  easy  to  solve.  EMCS  functions  are 
discussed  in  Section  1.6,  example  systems  are  identified  in  Section  2 of 
this  report,  along  with  methodology  relating  the  two.  The  third  design 
problem  is  the  most  difficult. 

After  the  system/functions  (a  "system/function"  is  a particular  EMCS 
function  applied  to  an  individual  energy  consuming  system)  to  be  con- 
sidered have  been  identified,  each  must  be  evaluated  relative  to  all  the 
other  system/functions  being  considered.  The  evaluation  criteria  must 
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select  the  system/functions  based  on  providing  the  most  savings  for  the 
least  investment.  The  criteria  may  be  savings  investment  ratio,  pay- 
back period,  life  cycle  present  worth,  or  any  number  of  other  economic 
approaches.  In  light  of  our  current  national  energy  situation,  the 
criteria  chosen  could  be  in  energy  saved  per  dollar  invested.  The  most 
widely  used  and  easily  recognized  measure  of  the  value  of  an  alternative 
is  the  payback  period.  That  criterion  1 S used  in  this  report,  although 
other  measures  (S/I  ratio,  BTU/$  invested,  etc.)  can  be  used  with  no 
change  in  the  basic  approach  or  methodology  contained  herein. 

The  solution  to  the  design  problem  (which  of  the  possible  system/ 
functions  should  be  connected  to  the  EMCS)  is  very  simple  in  concept. 
List  all  the  system  functions  to  be  considered,  estimate  the  potential 
savings  resulting  from  each  system/function,  and  estimate  the  cost  to 
perform  each  system/function.  With  these  values,  a payback  period  can 
be  calculated  for  each  system/function.  The  system/functions  can  then 
be  rearranged  in  ascending  payback  period  order.  Thus  a "prioritized" 
list  of  system/functions  can  be  prepared. 

Once  this  prioritized  list  has  been  prepared,  there  are  two  alternative 
paths  depending  on  the  particular  point  at  which  the  analysis  is  being 
performed.  If  the  project  is  in  the  very  early  stages  and  a budget  has 
not  yet  been  established,  the  prioritized  list  may  be  used  to  determine 
what  the  project  budget  should  be,  depending  on  the  governing  cri- 
teria. If  the  criteria  state  that  no  part  of  the  project  should  have 
more  than  a ten  year  payback  period,  then  all  system/functions  with 
more  than  a ten  year  payback  should  be  deleted  from  the  list.  The 
cost  to  provide  the  remaining  system/  functions  can  then  be  totalled 
and  that  total  establishes  the  budget  level. 

If,  on  the  other  hand,  the  design  analysis  is  being  performed  after  a 
budget  limit  has  been  established,  the  prioritized  list  can  be  used  to 
determine  the  EMCS  configuration  which  will  provide  the  greatest  sav- 
ings for  the  budget  investment.  In  this  case,  starting  at  the  top  of 
the  list,  a cumulative  total  of  the  system/function  cost  is  run  until  that 
total  reaches  the  budget  amount.  At  that  point,  the  system/  functions 
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not  yet  added  to  the  total  are  deleted  from  the  list.  The  system/func- 
tions remaining  on  the  list  are  those  that  will  provide  the  most  savings 
for  the  least  investment,  thus  producing  an  optimized  EMCS  config- 
uration. 

This  approach  is  theoretically  simple  and  satisfies  the  design  objec- 
tive. The  most  obvious  disadvantage  of  this  approach  is  the  large 
number  of  calculations  necessary  to  estimate  the  potential  savings  and 
cost  for  each  system/function.  This  disadvantage  can  be  overcome  by  a 
systematic,  uniform  approach  to  the  analysis  of  each  type  of  system. 
Examples  of  the  approach  used  in  the  EMCS  analysis  of  Fairchild, 
Homestead,  and  Grand  Forks  AFB's  are  included  in  Section  2 of  this 
report. 

Unfortunately,  two  factors  complicate  the  procedure  described  above. 
These  are: 


1.  EMCS  field  hardware  duplicity 

2.  EMCS  geography  cost 

The  term  "field  hardware  duplicity"  refers  to  the  fact  that  a particu- 
lar EMCS  field  hardware  device  (temperature  sensor,  start/stop  control 
relay,  etc.)  may  be  used  in  the  performance  of  more  than  one  function 
on  a particular  system.  For  example,  the  same  start/stop  control 
interface  can  perform  both  demand  limit  load  shedding  and  time  sche- 
duled operation  functions  on  an  air  handling  unit.  Therefore,  if  a 
start/stop  control  interface  is  provided  because  the  time  scheduled 
operation  function  has  a very  good  payback  period,  the  demand  limit 
load  shedding  function  can  be  performed  on  that  air  handler  at  no 
additional  cost.  Assume  the  optimized  start/stop  function  for  this  air 
handler  requires  both  a start/stop  control  interface  and  a space  tem- 
perature sensor.  On  its  own  merits,  optimized  start/slop  may  not 
provide  enough  savings  to  justify  purchasing  both  the  control  interface 
and  temperature  sensor.  However,  if  the  control  interface  is  justified 
and  paid  for  based  on  the  time  scheduled  operation  and  demand  limit 
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load  shedding  functions,  the  only  cost  to  add  optimized  start/stop  for 
this  air  handler  is  that  of  the  temperature  sensor,  thus  the  payback 
period  for  this  function  is  substantially  improved.  The  cost  sharing 
aspects  of  the  field  hardware  duplicity  concept  become  more  complicated 
as  the  system  being  considered  becomes  more  complex  and  the  number 
of  functions  applicable  to  that  system  become  larger. 

The  second  complicating  factor  "EMCS  geography  cost"  is  similar  to 
field  hardware  duplicity  in  that  it  is  caused  by  the  cost  sharing  aspects 
of  EMCS  hardware.  The  term  "geography  cost"  refers  to  the  fact  that 
there  is  a more  or  less  fixed  cost  involved  in  connecting  a building  to 
the  EMCS.  Geography  cost  includes  all  costs  not  directly  related  to  the 
performance  of  a particular  function  on  a specific  system  within  a 
building.  These  costs  include  the  cost  of  the  transmission  system  from 
the  building  being  considered  to  the  point  at  which  it  will  connect  to 
the  EMCS  and  the  cost  of  the  first  field  interface  device  (with  its 
associated  power  supply  and  other  required  equipment)  within  that 
building.  The  geography  cost  is  the  fixed  cost  necessary  if  only  one 
function  for  one  system  within  that  building  is  to  be  connected  to  the 
EMCS. 

Each  of  the  two  complicating  factors  discussed  can  have  a substantial 
impact  on  the  simple  prioritization  of  system/functions  discussed  pre- 
viously. If  the  field  hardware  duplicity  factor  is  not  taken  into  acc- 
ount, functions  which  actually  may  be  obtained  with  little  or  no  expend- 
iture may  not  be  included  in  the  final  EMCS  configuration  produced  by 
the  analysis.  If  the  geography  costs  of  an  EMCS  are  not  properly 
accounted  for,  a building  with  a single  system  might  be  connected  to 
the  EMCS  while  another  building  with  ten  systems  (each  of  which  has 
slightly  less  savings  potential  than  the  single  system  in  the  other 
building)  might  not  be  included  in  the  final  EMCS  configuration. 

To  solve  these  problems,  the  scope  of  their  influence  must  first  be 
defined.  Field  hardware  duplicity  is  a variable  only  within  each  indivi- 
dual system.  Because  a system  is  defined  as  an  independent  opera- 
tional unit  from  a control  viewpoint,  devices  provided  for  one  system 
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are  not  used  in  the  performance  of  functions  on  another  system.  There 
are  exceptions  to  this  rule,  but  not  enough  to  affect  the  analysis  re- 
sults substantially.  So  the  field  hardware  duplicity  factor  may  be 
accounted  for  by  analyzing  all  the  functions  applicable  to  a particular 
system  as  a group. 

The  scope  of  influence  of  geography  cost  is  confined  to  the  building 
level.  Geography  cost  varies  strictly  on  a building  by  building  basis, 
regardless  of  what  systems  or  functions  are  within  those  buildings. 
Geography  cost  is  present,  independent  of  what  type  of  data  trans- 
mission media  or  field  interface  device  is  used.  So  geography  cost  must 
be  considered  in  the  analysis  only  when  deciding  whether  or  not  to 
connect  a building  to  the  EMCS. 

The  method  used  to  account  for  field  hardware  duplicity  is  to  perform 
a repetitive  ranking  process  on  the  functions  applicable  to  each  system. 
First,  all  functions  applicable  to  a particular  system  are  listed.  Sav- 
ings resulting  from  the  application  of  each  function  are  estimated.  The 
cost  to  apply  each  function  is  estimated.  This  is  done  for  each  func- 
tion, assuming  no  other  functions  are  under  consideration.  A system 
schematic  which  illustrates  what  sensors  are  required  to  perform  each 
function  is  needed  to  accomplish  this  cost  estimate.  Examples  of  such 
schematics  are  included  in  Section  2 of  this  report.  Using  the  cost  and 
savings  figures  estimated,  a payback  period  is  calculated  for  each  func- 
tion. The  function  with  the  best  payback  period  is  assigned  the  high- 
est rank.  When  a function  has  been  ranked,  that  function  is  assumed 
to  be  connected  to  the  EMCS.  A revised  cost  is  then  calculated  for  the 
remaining  unranked  functions  on  the  basis  that  the  ranked  functions 
(and  their  associated  field  devices)  are  already  connected  to  the  EMCS. 
Thus,  any  sensors  or  controllers  that  are  common  between  the  ranked 
function  and  the  remaining  function  have  already  been  paid  for.  Their 
cost  may  be  deducted  from  the  independent  cost  estimates  for  each 
remaining  function  to  obtain  a revised  cost.  The  revised  costs  are 
used  to  calculate  new  payback  periods  for  each  remaining  function. 
The  function  with  the  best  payback  period  of  the  remaining  group  is 
established  as  the  function  with  the  next  highest  rank.  The  iterative 
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process  described  above  is  continued  until  all  functions  applied  to  a 
particular  system  have  been  ranked,  based  on  their  payback  periods, 
and  their  costs  have  been  revised  to  account  for  the  previous  connec- 
tion of  functions  with  higher  rank.  The  function  ranking  procedure  is 
repeated  for  each  individual  system  considered  for  connection  to  the 
EMCS. 


One  result  of  the  ranking  process  is  that  after  a function  is  ranked 
and  the  cost  of  the  remaining  functions  is  revised,  the  payback  period 
for  some  of  the  unranked  functions  could  be  better  than  for  some  of  the 
ranked  functions.  The  extreme  example  of  this  situation  is  when  two 
functions  require  exactly  the  same  field  devices.  The  ranking  process 
would  independently  analyze  each  function  and  then  select  the  one  with 
the  highest  savings  (since  each  would  have  the  same  calculated  cost)  to 
be  ranked  first.  The  process  would  then  revise  the  cost  estimate  of 
the  remaining  function,  taking  into  consideration  the  previously  ranked 
function.  This  will  result  in  a zero  cost  for  the  remaining  unranked 
function.  Thus,  the  ranking  would  actually  show  a function  having  the 
highest  rank  with  a lower  payback  period  than  the  next  lower  ranked 
function.  If  these  functions  are  combined,  the  resulting  combined 
payback  period  would  be  better  than  the  payback  period  of  the  higher 
ranked  function  by  itself.  Therefore,  following  the  ranking  of  func- 
tions for  each  system,  a combination  process  must  be  performed  on  the 
ranked  functions  for  each  system.  This  is  a simple  process  of  examin- 
ing each  ranked  function  and,  if  the  next  lower  ranked  function  has  a 
better  payback  period,  combining  it  with  the  next  lower  ranked  fun- 
ction . 

Geography  cost  is  accounted  for  in  the  final  prioritization  process. 
Because  geography  cost  is  relevant  only  on  a building  by  building 
basis,  the  system/function  prioritization  process  must  also  be  organized 
along  those  lines.  The  system/functions  being  considered  for  EMCS 
connection  must  be  grouped  based  on  the  building  in  which  they  occur. 
For  each  building,  these  system/functions  are  sorted,  based  on  a pay- 
back period,  into  a table  for  use  in  the  prioritization  analysis.  Once 
the  tables  are  prepared  for  each  building,  the  geography  cost  to  con- 
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nect  each  building  must  be  estimated.  This  cost  includes  all  items  not 
directly  associated  with  the  performance  of  a particular  function  (FID, 
power  supply,  transmission  cable,  etc.)  and  is  calculated  assuming  no 
other  buildings  are  being  considered.  The  geography  cost  for  each 
building  is  then  combined  with  the  tabulated  system/functions  for  that 
building  until  the  best  combination  (from  a payback  period  standpoint) 
of  system/functions  is  found  for  each  building.  The  building  with  the 
best  combined  payback  period  is  then  selected  to  be  the  first  building 
connected  to  the  EMCS.  The  best  system/function  in  that  building  is 
placed  on  the  top  of  the  prioritized  system/function  listing.  Because 
parts  of  the  transmission  network  may  be  common  to  several  buildings 
(in  the  case  of  contractor  furnished  transmission  cable),  the  geography 
cost  for  each  building  must  be  recalculated  after  each  building  is  con- 
nected. The  revised  geography  cost  is  then  used  to  recalculate  a best 
combined  payback  period  for  each  building  not  yet  connected  to  the 
EMCS.  These  revised  building  payback  periods  are  then  compared  to 
each  other  and  to  the  best  individual  system/functions  in  buildings 
already  connected  to  determine  the  next  system/function  to  be  added  to 
the  prioritized  list.  This  process  is  repeated  until  all  system/functions 
in  all  buildings  have  been  placed  on  the  prioritized  list. 

Once  the  prioritized  list  is  completed,  it  may  be  used  as  described 
earlier  to  establish  the  proper  EMCS  budget  or  to  determine  the  best 
configuration  for  a given  budget. 

It  can  readily  be  seen  that  the  effort  required  to  account  for  the 
"field  hardware  duplicity"  and  "geography  cost"  factors  can  be  sub- 
stantial. The  approach  is  simple  in  concept,  however,  the  repetitive 
calculations  required  are  extremely  time  consuming.  To  alleviate  this 
problem,  a series  of  computer  programs  have  been  developed.  These 
programs  perform  both  the  "field  hardware  duplicity"  and  "geography 
cost"  analysis  described  above.  In  addition,  programs  are  included  to 
provide  listings  and  summaries  of  pertinent  information.  These  report 
generation  programs  produce  exact  counts  of  the  numbers  of  each  type 
of  sensor  and  the  quantitites  of  savings  (KW,  KWH,  THERMS,  MH). 
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The  programs  are  constructed  around  the  concept  of  standard  system 
types  as  illustrated  on  schematics  in  Section  2 of  this  report.  No  fixed 
system  configurations  are  contained  within  the  programs.  The  EMCS 
designer  must  construct  his  own  system  schematics  and  prepare  input 
data  describing  those  system  types.  This  allows  flexibility  in  the  use 
of  the  analysis  technique  regardless  of  individual  design  philosophies. 
The  input  for  standard  system  types  includes  the  functions  applicable 
to  each  system,  what  field  devices  are  necessary  to  perform  each  func- 
tion, what  type  of  instrument  each  of  those  devices  is,  what  each  type 
of  instrument  costs,  and  alpha-numeric  description  of  each  item  for 
interpretation  and  checking  of  results.  Once  an  input  data  file  for  a 
set  of  standard  system  types  has  been  constructed,  it  may  be  reused 
for  the  analysis  of  as  many  different  projects  as  desired,  as  long  as  the 
same  design  philosophy  is  being  used. 

Additional  input  data  consist  of  calculated  savings  values  for  each 
applicable  function  for  each  system  being  considered  for  EMCS  con- 
nection. These  values  are  entered  in  KW  (electrical  demand  reduction), 
KWH  (electrical  consumption  reduction),  THERMS  (heating  energy  con- 
sumption reduction),  and  MANHOURS  (labor  savings).  Other  input 
includes  a nodal  network  describing  the  "geography"  of  the  EMCS 
configuration  being  considered. 

The  use  of  the  computerized  analysis  tools  is  not  mandatory  for  the 
I use  of  the  analysis  technique  described  in  this  report.  Step  by  step 

' instructions  in  the  manual  use  of  the  technique  are  included  in  Section 

; 3 of  this  report.  However,  substantial  engineering  time  savings  may  be 

realized  from  the  use  of  the  computer  programs  which  are  documented 
in  Volume  II  of  this  report. 

I 
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1£  FUNCTION  IDENTIFICATION 


As  stated  previously,  an  EMCS  function  is  defined  as  a specific 
independent  operational  capability.  An  EMCS  can  perform  many  differ- 
ent functions.  It  can  be  programmed  to  monitor,  regulate,  and  control 
almost  an  infinite  number  of  tasks.  The  same  tasks  may  also  be  accom- 
plished in  an  infinite  number  of  ways.  The  identification  used  for  a 
particular  function  varies  with  the  individual  EMCS  manufacturers  and 
their  methods  and  approach  to  a particular  function  may  also  vary. 
This  variation  generally  depends  on  the  particular  software  or  hardware 
a manufacturer  uses  to  accomplish  each  function,  rather  than  the  func- 
tion itself.  Therefore,  it  is  possible  to  identify  individual  functions  the 
EMCS  can  perform.  The  following  paragraphs  identify  the  EMCS  func- 
tions considered  in  this  study.  These  represent  the  most  common 
functions  available  from  EMCS  manufacturers  today.  Additional  func- 
tions exist  and  may  provide  some  additional  energy  and  manpower 
savings,  however,  those  listed  will  most  certainly  provide  the  bulk  of 
these  savings. 

The  following  paragraphs  describe  each  function  considered  in  this 
study. 

FUNCTION  NO.  1:  TIME  SCHEDULED  OPERATION 

Time  scheduled  operation  consists  of  the  starting  and  stopping  of  a 
system  based  on  the  time  and  type  of  day.  Type  of  day  refers  to 
weekdays,  Saturdays,  Sundays,  holidays,  or  any  other  day  which  has  a 
different  schedule  of  operation.  This  is  the  simplest  of  all  EMCS  fun- 
ctions to  install,  maintain,  and  operate.  It  also  provides  the  greatest 
potential  for  energy  conservation  if  systems  are  currently  being  operat- 
ed unnecessarily  during  unoccupied  hours. 

FUNCTION  NO.  2:  DUTY  CYCLING 

Duty  cycling  consists  of  the  shutdown  of  a system  for  predetermined 
short  periods  of  time  during  normal  operating  hours.  This  function  is 


L 


1-24 


normally  only  applicable  to  heating,  ventilating,  and  air  conditioning 

systems.  Its  operation  is  based  on  the  theory  that  HVAC  systems 

seldom  operate  at  peak  output,  thus  if  the  system  is  shut  off  for  a 

short  period  of  time,  it  has  enough  capacity  to  overcome  the  slight 
temperature  drift  which  occurs  during  this  shutdown.  Although  the 
interruption  does  not  reduce  the  net  space  heating  or  cooling  energy,  it 
does  reduce  energy  input  to  constant  auxiliary  loads  such  as  fans  and 
pumps.  This  function  also  reduces  outside  air  heating  and  cooling 

loads  since  the  outside  air  intake  damper  is  closed  while  an  air  handling 
unit  is  off.  Systems  are  generally  cycled  off  for  some  fixed  period  of 
time,  say  15  minutes,  out  of  each  hour  of  operation.  The  off  period 
time  length  and  its  frequency  should  be  adjustable.  The  off  period 
time  length  is  normally  adjusted  for  a longer  duration  during  moderate 
seasons  and  shorter  duration  during  peak  seasons. 

FUNCTION  NO.  3:  DEMAND  LIMITING  START/STOP 

This  function  consists  of  the  stopping  of  electrical  loads  to  prevent 
setting  a high  electrical  demand  peak  and  thus  increasing  electrical 
costs  where  demand  oriented  rate  schedules  apply.  There  are  many 
complex  schemes  for  accomplishing  this  function.  They  all  generally 
monitor  the  base  electrical  demand  continuously.  Sased  on  the  monitor- 
ed data,  demand  predictions  are  made  by  the  EMCS.  When  these  pre- 
dictions exceed  preset  limits,  certain  scheduled  electrical  loads  are  shut 
off  by  the  EMCS  to  reduce  the  rate  of  consumption  and  the  predicted 
peak  demand.  Additional  loads  are  turned  off  on  a priority  basis  if  the 
initial  load  shed  action  does  not  reduce  the  predicted  demand  enough  to 
satisfy  the  function  requirements.  Generally,  the  loads  to  be  shed  are 
HVAC  items.  The  reasoning  used  in  the  Duty  Cycling  discussion  holds 
here  also:  allow  a slight  temperature  drift  in  the  space  by  shutting  off 
the  HVAC  equipment. 

FUNCTION  NO.  4:  DEMAND  LIMITING,  GENERATOR  OPERATION 

This  function  is  actually  a part  of  the  program  that  controls  the  DE- 
MAND LIMITING,  START/STOP  function.  In  fact,  the  only  difference 


between  the  two  functions  is  that  the  previous  function  stopped  equip- 
ment to  reduce  demand  and  this  function  starts  equipment  for  the  same 
purpose.  This  function  is  only  applicable  where  large  standby  gener- 
ators are  existing.  When  electrical  demand  approaches  a peak,  this 
function  starts  the  engine  or  turbine  generators  which  feed  electrical 
power  into  the  building  where  they  are  located,  or  drive  specific  items 
of  equipment  such  as  well  water  pumps,  thus  reducing  base  electrical 
demand.  Extreme  caution  must  be  exercised  in  using  this  function. 
Only  the  largest  of  generators  should  be  considered  because  consider- 
able investigation  and  expense  may  be  necessary  to  perform  any  rewir- 
ing or  reswitching  needed  for  proper  operation  of  this  function. 

FUNCTION  NO.  5:  DEMAND  LIMITING,  CHILLER  LIMIT  ADJUST 

Centrifugal  water  chillers  are  generally  equipped  with  a manually  ad- 
justable control  system  which  limits  the  maximum  current,  and  thus 
power,  the  machine  may  use.  An  interface  between  the  EMCS  and  this 
control  circuit  allows  the  EMCS  to  reduce  the  limit  setting  in  a load 
shedding  situation  and  thus  reduce  the  electric  demand  without  com- 
pletely shutting  down  the  chiller.  The  method  of  accomplishing  this 
function  varies  with  the  specific  manufacturer  of  both  the  water  chiller 
and  the  EMCS.  The  principle  of  operatiori  is  the  same,  however.  When 
the  chiller  is  selected  for  load  shedding,  a single  stop  signal  is  trans- 
mitted to  the  interface  which  then  reduces  the  chiller  limit  adjustment 
by  a fixed  amount.  Normally,  the  actual  setting  of  the  chiller  limit 
adjust  is  not  resettable  or  even  detectable  from  the  EMCS.  Extreme 
caution  must  be  exercised  with  application  of  this  function.  Incorrect 
interface  and  control  can  cause  the  refrigeration  machine  to  operate  in  a 
surge  condition,  ultimately  causing  considerable  damage  to  the  equip- 
I ment. 

FUNCTION  NO.  7:  WARM  UP/NIGHT  CYCLE 

I 

I 

The  thermal  load  imposed  by  outside  air  used  for  ventilation  may  con- 
stitute a substantial  percentage  of  the  total  heating  and  cooling  re- 
quirements for  a facility,  depending  on  the  geographical  location.  This 
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function  is  capable  of  controlling  the  outside  air  dampers  when  the 
introduction  of  outside  air  would  impose  a thermal  load  and  the  building 
is  unoccupied.  This  function  would  apply  during  warm  up  or  cool  down 
cycles  prior  to  occupancy  of  the  building  and  would  also  apply  in 
certain  facilities  that  require  maintenance  of  environmental  conditions 
for  proper  operation  of  electronic  equipment,  even  though  the  building 
is  unoccupied.  During  those  times,  the  outside  air  dampers  would  be 
closed . 

FUNCTION  NO.  8:  ENTHALPY  ECONOMIZER 

The  utilization  of  an  all  outside  air  economizer  cycle  can  be  a cost 
effective  energy  conservation  measure,  depending  on  the  climatic  con- 
ditions and  the  type  of  mechanical  system.  Where  applicable,  the  cycle 
uses  outside  air  to  satisfy  all  or  a portion  of  the  building's  cooling 
requirements  when  the  enthalpy  or  total  heat  content  of  the  outside  air 
is  less  than  that  of  the  return  air  from  the  space.  Outside  air  is 
introduced  through  the  mechanical  system  and  relieved  during  this  cycle 
in  lieu  of  the  normal  recirculation  system. 

FUNCTION  NO.  9:  SPACE  TEMPERATURE  NIGHT  SETBACK 

The  energy  required  to  maintain  space  conditions' during  the  unoccupied 
hours  can  be  reduced  by  lowering  the  temperature  set  point  for  the 
space,  depending  on  the  climatic  conditions.  This  function  would  also 
apply  only  to  facilities  that  are  not  required  to  operate  24  hours  per 
day.  Normally,  where  applicable,  this  function  would  reduce  the  space 
temperature  from  the  normal  68°  winter  inside  design  temperature  to  a 
50°  or  55°  space  temperature  during  the  unoccupied  hours. 

FUNCTION  NO.  10;  HOT/COLD  DECK  TEMPERATURE  RESET 

Mechanical  systems  such  as  dual  duct  systems  and  some  multizone  sys- 
tems use  a parallel  arrangement  of  heating  and  cooling  surfaces  com- 
monly referred  to  as  hot  and  cold  deck  surfaces  for  the  purposes  of 
providing  heating  and  cooling  mediums  simultaneously.  Generally  speak- 
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ing,  both  heated  and  cooled  air  streams  are  mixed  to  satisfy  the  indiv- 
idual space  thermal  requirements.  In  the  absence  of  optimization  con- 
trols, these  systems  can  waste  energy  because  the  final  space  control 
merely  mixes  the  two  air  streams  to  produce  the  desired  result.  While 
the  space  conditions  may  be  acceptable,  the  greater  the  difference 
between  the  temperatures  of  the  two  streams,  the  more  inefficiently  the 
system  will  operate.  This  function  can  select  the  individual  areas  with 
the  greatest  heating  and  cooling  requirements,  establish  the  necessary 
hot  deck  and  cold  deck  temperatures  based  on  these  extremes,  and 
minimize  the  inefficiency  of  the  system. 

[ 

FUNCTION  NO.  11:  REHEAT  COIL  TEMPERATURE  RESET 

A variation  of  the  hot  and  cold  deck  multizone  system  described  above 
is  the  system  equipped  with  a cold  deck  and  a bypass  section  at  the 
mechanical  system  and  individual  heating  coils  in  the  reheat  position 
downstream  from  the  unit.  The  system  operates  with  a constant  cold 
deck  temperature  which  is,  in  turn,  mixed  with  the  bypass  air  in  an 
effort  to  satisfy  individual  zone  requirements.  Air  supplied  at  temper- 
atures below  the  individual  space  temperature  requirements  is  elevated 
in  temperature  by  the  reheat  coil  in  response  to  signals  from  an  indiv- 
idual space  thermostat.  Selection  of  the  space  with  the  greatest  cooling 
requirements  and  resetting  the  cold  deck  discharge  temperature  in 
response  to  these  requirements  minimizes  the  energy  used  for  reheat. 

FUNCTION  NO.  12:  CHILLED  WATER  RESET 

The  energy  required  to  generate  chilled  water  in  a reciprocating  or 
centrifugal  electric  driven  refrigeration  machine  is  a function  of  a 
number  of  parameters  including  the  temperature  of  the  chilled  water 
leaving  the  machine.  Because  the  refrigerant  suction  temperature  is  a 
direct  function  of  the  leaving  water  temperature,  the  higher  the  two 
temperatures,  the  lower  the  energy  input  per  ton  of  refrigeration.  As 
a result,  because  chilled  water  temperatures  are  selected  for  peak 
design  times,  in  the  absence  of  strict  humidity  control  requirements. 
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most  chilled  water  temperatures  can  be  elevated  during  most  operating 
hours.  Depending  on  the  operating  hours,  size  of  the  equipment,  and 
configuration  of  the  system,  energy  savings  can  be  effected  by  resett- 
ing the  chilled  water.  The  chilled  water  temperature  can  be  elevated  to 
satisfy  the  greatest  cooling  requirements.  Generally,  this  determination 
is  made  by  the  position  of  the  chilled  water  valves  on  the  various 
cooling  systems.  The  positions  of  the  control  devices  supplying  the 
various  cooling  coils  are  monitored  and  the  chilled  water  temperature  is 
elevated  until  at  least  one  control  device  is  in  the  maximum  position. 
Other  control  schemes  may  be  necessary  to  satisfy  different  system 
configurations. 

FUNCTION  NO.  13;  CONDENSER  W.^TER  TEMPERATURE  RESET 

Another  parameter  affecting  the  energy  input  to  a refrigeration  system 
is  the  temperature  of  the  condenser  water  entering  the  machine.  Con- 
ventionally, heat  rejection  equipment  is  designed  to  produce  a specified 
condenser  water  temperature  such  as  85°  at  peak  wet  bulb  temper- 
atures. In  many  instances,  automatic  controls  are  provided  to  maintain 
a specified  temperature  at  conditions  other  than  peak  design.  To 
optimize  the  performance  of  the  condenser  water  system,  however,  this 
system  can  be  reset  when  outdoor  wet  bulb  temperatures  will  produce 
lower  condenser  water  temperature.  Where  applicable,  this  function  will 
reduce  the  energy  input  to  the  refrigeration  machine. 

FUNCTION  NO.  14:  OUTSIDE  AIR  TEMPERATURE  RESET  SCHEDULE 

Hot  water  heating  systems,  whether  the  hot  water  is  supplied  by  a 
boiler  or  a converter,  are  designed  to  supply  the  heating  requirements 
for  the  system  at  outdoor  design  temperatures.  Frequently,  depending 
on  the  specific  system  design,  the  hot  water  supply  temperature  can  be 
reduced  as  the  heating  requirements  for  the  facility  are  reduced.  For 
most  facilities,  this  reduction  in  heating  requirements  is  directly  related 
to  an  increase  in  outdoor  ambient  temperature.  Where  applicable,  the 
capability  to  reduce  the  temperature  of  the  supply  water  as  a function 
of  outdoor  temperature  will  effect  operating  savings.  To  accomplish 
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this  function,  the  temperature  controller  for  the  hot  water  supply  is 
reset  on  a predetermined  schedule  as  a function  of  outdoor  temperature. 

FUNCTION  NO.  16:  START/STOP  OPTIMIZATION 

An  additional  feature  of  the  time  scheduled  operation  of  mechanical 
systems  described  above  is  the  optimized  start/stop  feature  available 
from  the  system.  Mechanical  systems  serving  areas  that  are  not  occu- 
pied 24  hours  a day  should  be  shut  down  during  the  unoccupied  hours. 
Traditionally,  the  systems  are  restarted  before  occupancy  in  order  to 
cool  down  or  heat  up  the  space.  Normally  this  function  is  performed  on 
a fixed  schedule  independent  of  weather,  space  conditions,  etc.  The 
optimized  start/stop  feature  of  the  system  automatically  starts  and  stops 
the  system  to  minimize  the  energy  required  to  provide  the  desired 
environmental  conditions  during  occupied  hours.  The  function  automat- 
ically evaluates  the  thermal  inertia  of  the  structure,  the  capacity  of  the 
system  to  either  increase  or  reduce  temperatures  in  the  facility,  start- 
up and  shut-down  times,  and  weather  conditions  to  accurately  determine 
the  minimum  hours  of  operation  of  the  HVAC  system  to  satisfy  the 
thermal  requirements  of  the  building. 

FUNCTION  NO.  17:  BOILER  PROFILE  AND  SELECT 

In  certain  application  of  multi-boiler  central  heating  plants,  there  is  the 
opportunity  to  optimize  the  boiler  plant  by  selecting  the  most  efficient 
equipment  to  satisfy  the  instantaneous  heating  requirement.  By  monitor- 
ing fuel  input  as  a function  of  the  output,  profiles  can  be  developed 
for  each  of  the  units  in  a central  plant.  Based  on  the  operating  his- 
tory developed,  and  the  loads,  plant  operation  can  be  optimized  to 
minimize  energy  input. 

FUNCTION  NO.  18:  CHILLER  PROFILE  AND  SELECT 

This  function  is  very  similar  to  the  boiler  profile  described  above. 
Operating  data  are  obtained  and  compared  with  the  predicted  operating 
characteristics  of  each  individual  machine  prepared  by  the  manufac- 
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tuner.  Based  on  the  operating  data  for  each  machine  with  the  energy 
input  requirements  for  each  operating  condition  and  the  instantaneous 
load,  the  function  would  select  the  chiller  or  chillers  required  to  meet 
the  load  with  the  minimum  energy  input. 


FUNCTION  NO.  19;  PUMP  SELECTION: 

The  opportunity  exists  in  certain  chilled  and  hot  water  central  pumping 
systems  to  optimize  the  selection  of  the  number  and  type  of  pumps  to 
minimize  the  energy  input  for  pumping  cost.  This  condition  would  exist 
when  fixed  speed  pumps  of  varying  capacities  are  provided  or  a com- 
bination of  fixed  speed  and  variable  speed  pumps  is  provided  to 
satisfy  a central  secondary  water  pumping  system. 

FUNCTION  NO.  21;  SECURITY  FUNCTION: 

A considerable  number  of  security  features  can  be  provided  by  the 
system  including  contact  alarms  for  monitoring  of  controlled  entrance 
and  exits,  motion  detectors,  card  readers,  watchman  tours,  etc.  Prac- 
tically any  security  function  can  be  monitored  by  the  system  if  an 
indication  of  its  condition  can  be  converted  to  an  acceptable  signal.  | 

FUNCTION  NO.  22:  FIRE  ALARM  FUNCTION: 

I 

j 

The  system  can  operate  as  an  integral  part  of  the  individual  facility  fire  [ 

alarm  system  receiving  and  diagnosing  signals  with  commands  issued  or  ■ 

can  function  merely  as  a monitoring  system  of  the  individual  building  | 

fire  alarm  systems.  As  an  integral  part  of  the  total  fire  alarm  system, 
all  the  components  must  be  UL  listed  and  the  installation  must  comply 
with  NFPA  72D  requirements.  These  requirements  include  the  necessity  ! 

for  complete  backup  power  system,  double  transmission  of  signals,  j 

backup  central  processing  equipment,  etc.  The  requirements  to  monitor  i 

the  existing  individual  systems  are  less  strict  because  the  monitoring  is  ‘ 

taking  place  only  to  provide  information.  Because  most  facilities  on  i 

military  installations  are  equipped  with  existing  independent  alarm 
systems,  it  appears  logical  to  allow  these  systems  to  continue  to  operate 
independently  and  monitor  the  operation  of  the  system  where  feasible. 


!i 


I 

I 


I 

I 
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FUNCTION  NO.  23:  MAINTENANCE  RUN  TIME  REPORTS: 

A number  of  maintenance  functions  associated  with  mechanical  equipment 
are  related  to  or  can  be  related  to  the  number  of  operating  hours  of 
the  specific  item  of  equipment.  Some  of  these  functions  include  lubri- 
cation, cleaning,  bearing  checks,  etc. 

FUNCTION  NO.  24:  TROUBLE  DIAGNOSIS: 

By  monitoring  certain  parameters  of  the  mechanical/electrical  systems, 
diagnoses  of  reported  problems  with  mechanical  and  electrical  systems 
can  be  performed  at  the  central  console  location.  Some  of  the  para- 
meters that  might  be  monitored  for  the  purposes  of  trouble  diagnoses 
include  hot  and  cold  deck  temperatures  with  high  and  low  limits,  leav- 
ing chilled  water  temperatures  and  hot  water  temperatures  with  high 
and  low  limits,  differential  pressure  switches  indicating  fan  and  pump 
operation,  and  space  temperatures. 

FUNCTION  NO.  25:  CRITICAL  AREAS  ALARM: 

Areas  such  as  electronic  data  processing  equipment  rooms,  test  facili- 
ties, environmental  test  rooms,  and  other  areas  with  critical  require- 
ments for  environmental  control  can  be  monitored  for  status  and  alarm 
indication . 

FUNCTION  NO.  26:  SAFETY  ALARMS: 

Many  items  of  mechanical  equipment  are  provided  with  various  types  of 
alarms  for  both  personnel  and  equipment  protection.  Alarms  such  as 
high  and  low  water  for  boilers,  gas  pressure  alarms,  and  various  tem- 
perature and  pressure  alarms  on  refrigeration  machines,  are  typical  of 
the  types  of  functions  that  can  be  monitored.  Monitoring  of  such 
alarms  provides  the  console  operator  with  information  regarding  the 
failure  of  equipment  or  the  development  of  potential  problems  with  the 
system  operation. 


I 
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FUNCTION  NO.  27:  INTERCOM: 


A function  of  the  system  that  can  be  beneficial  from  a maintenance 
standpoint  is  the  capability  of  communicating  between  the  operator' s 
console,  the  field  interface  devices  or  other  remote  intercom  station 
locations.  The  system  can  be  used  for  intercommunication  between 
maintenance  personnel  and  console  operator  for  a check  out  of  the 
overall  system,  and  for  monitoring  of  start  up  of  equipment. 
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1.7  COST  IDENTIFICATION 


! 

1 


I 

I 

I 

I 

i 
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The  accurate  analysis  of  an  EMCS  requires  accurate  and  reliable  cost 
estimating  data.  This  is  extremely  important  because  potential  savings 
alone  do  not  determine  whether  a particular  function  should  be  connect- 
ed to  the  EMCS.  The  cost  of  that  function  is  equally  important  in 
determining  whether  or  not  it  should  be  connected.  Cost  estimating  is 
of  additional  importance  because  cost  for  a particular  EMCS  function  is 
relatively  constant,  irrespective  of  the  size  of  the  system  being  controll- 
ed. It  essentially  costs  the  same  to  start  and  stop  a ten  horsepower 
fan  as  it  does  to  start  and  stop  a one  horsepower  fan.  However,  the 
difference  in  potential  energy  savings  is  tenfold. 

Several  items  complicate  the  cost  estimating  analysis.  The  first  and 
probably  most  important  complication  is  the  fact  that  no  two  manufac- 
turers' EMC  systems  are  identical.  Every  manufacturer  takes  a differ- 
ent approach  to  performing  each  EMCS  function.  For  example,  because 
of  a particular  configuration,  one  manufacturer  may  be  able  to  provide 
a status  feedback  for  a piece  of  equipment  being  started  and  stopped 

by  the  EMCS  for  a very  small  cost,  whereas  a different  manufacturer  | 

with  a different  configuration  might  actually  double  the  cost  of  simply  j 

providing  start-stop  capability,  if  status  feedback  is  required.  Another 

difficulty  arises  from  the  reliability  of  budget  estimates  received  from 

manufacturers'  sales  representatives.  For  obvious  reasons,  these 

representatives  generally  are  very  guarded  about  revealing  detailed  or 

exact  cost  information.  They  generally  prefer  only  to  give  rough 

budget  estimates  based  on  the  total  number  of  points  in  a system.  This  I 

type  of  information  is  not  adequate  for  the  detailed  analysis  techniques 

developed  under  this  project.  Each  component  cost  of  the  EMC  system 

must  be  broken  down  separately  to  perform  the  comparative  analysis 

necessary  for  an  optimized  EMCS.  Obtaining  this  type  of  information 

has  been  difficult.  However,  several  manufacturers  were  willing  to 

provide  the  information  which  has  been  used  in  this  study. 

In  order  to  determine  an  optimum  EMCS  configuration,  each  cost 
component  of  the  system  must  be  analyzed.  The  five  main  cost  com- 
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ponents  of  an  EMCS  are  1)  general  cost,  2)  central  control  center  cost, 
3)  transmission  system  cost,  4)  facility  connection  cost,  5)  sensor/act- 
uator cost. 


General  cost  consists  of  the  following  components; 

a.  Estimation 

b.  System  engineering 

c.  Shop  drawing  preparation 

d.  System  testing  and  debugging 

e.  Training 

f.  Maintenance  contract 


All  of  these  costs  involve  a considerable  amount  of  overhead  time, 
thus  making  them  only  slightly  dependent  on  the  number  of  facilities 
and  sensor/  actuators  connected  to  the  EMCS. 

The  central  control  center  cost  consists  of  the  following  main  com- 
ponents : 


a. 

b. 


c. 

d. 


e. 

f. 

g- 


Central  processing  unit  hardware 

Peripheral  hardware  and  associated  software  drivers 

Operating  system  software 

EMCS  command  software 

EMCS  applications  software 

Multiplexer  hardware 

Communications  software 


The  cost  of  these  components  is  relatively  constant,  regardless  of 
the  number  of  facilities  or  sensor/actuators  that  are  connected  to  the 
system. 

The  transmission  system  cost  consists  of: 


L 


I 

r 
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I 

I 

i 
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a.  Overhead  transmission  cable 

b.  Underground  transmission  cable 

c.  Telephone  modems  (Modulator-demodulator) 

This  cost  is  basically  a function  of  the  number  and  location  of  facil- 
ities connected  to  the  EMCS. 

Facility  connection  costs  are  those  fixed  costs  associated  with  con- 
necting a facility  to  the  EMCS  which  are  independent  of  the  number  of 
sensors/actuators  that  are  installed  within  that  facility.  Facility  con- 
nection cost  is  the  fixed  cost  which  would  be  incurred  to  connect  a 
facility  to  the  EMCS  even  though  that  facility  only  required  a single 
EMCS  sensor.  The  components  of  facility  connection  costs  are: 

a.  A field  interface  device,  along  with  its  power  supply  and 
installation 

b.  The  transmission  line  to  the  building  in  question,  if  a dedic- 
ated contractor  installed  transmission  system  is  being  utilized 

c.  Telephone  lines  and  modems  from  the  building  in  question 
back  to  central  console  location  if  a telephone  transmission 
system  is  used 

The  facility  connection  costs  listed  above  are  strictly  dependent  on 
the  number  of  facilities  connected  to  the  EMCS  and  not  on  the  number 
of  sensor/  actuators. 

The  sensor/actuator  cost  is  the  cost  to  add  a sensor/actuator  to  the 
EMCS,  assuming  a field  interface  device  to  which  this  point  will  be 
connected  is  already  available  in  the  building.  Cost  components  assoc- 
iated with  each  sensor/actuator  are; 

a.  A signal  conditioning  device  usually  in  the  form  of  an  inte- 
grated circuit  card  which  plugs  into  an  appropriate  slot  in 
the  field  interface  device 


I 

I 


r 
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b.  Wiring  from  the  field  interface  device  to  the  sensor/actuator 

c.  The  sensor/actuator  itself 

d.  The  installi^ion  and  interface  of  the  sensor/actuator  with  the 
existing  local  control  system 

e.  Local  controls  which  must  be  replaced,  repaired,  or  added 

f.  Miscellaneous  new  equipment  (dampers,  ductwork,  thermo- 
meter wells,  Venturi  tubes,  insulation,  auxiliary  starter 
contacts,  etc.) 

g.  Definition  and  entry  of  each  sensor/controller  into  the  central 
control  center 

The  total  sensor/actuator  cost  is  a function  of  the  number  of  points 
connected  to  the  EMCS  and  generally  not  related  to  the  number  of 
different  facilities  in  which  those  points  occur. 

Several  manufacturers  were  contacted  and  presented  with  a list  of 
questions  designed  to  obtain  specific  cost  estimates  for  the  components 
listed  above.  The  data  supplied  as  a result  of  this  request  are  listed  in 
Table  I.  Spaces  left  blank  indicate  that  information  was  not  supplied 
for  that  item  by  that  manufacturer.  Some  manufacturers  requested  that 
their  prices  not  be  openly  presented  for  protection  from  their  compet- 
ition; therefore,  none  of  the  manufacturer's  names  have  been  listed.  It 
should  be  pointed  out  that  both  conventional  controls  manufacturers  and 
the  smaller  "systems  house"  manufacturers  are  included  in  those  listed. 
Prices  were  updated  twice  during  the  course  of  this  study.  The  final 
figures  included  here  were  obtained  during  January,  1978. 


TABLE  1 

COST  ESTIMATING  DATA 
MANUFACTURERS 


Reset  S/W 

Changeover  450  250  400  470  420  450 


TABLE  1 

COST  ESTIMATING  DATA 
MANUFACTURERS 


TABLE  1 

COST  ESTIMATING  DATA 
MANUFACTURERS 


Optimized 

Start/Stop  1000  5000  5000  3700  4000 


TABLE  1 

COST  ESTIMATING  DATA 
MANUFACTURERS 


1.8  CONCLUSIONS  AND  RECOMMENDATIONS 


The  previous  pages  of  this  section  and  the  other  sections  of  this 
report  contain  the  results  of  considerable  investigation  and  effort. 
! This  work  cannot  be  summarized  briefly  because  the  subject  of  this 

project,  Air  Force  EMCS  applications,  is  not  a simple  subject  and  thus  a 
report  on  it  is  not  a simple  report.  However,  some  simple  conclusions 
may  be  drawn  from  this  effort.  These,  and  recommendations  regarding 
them,  are  as  follows; 

1.  The  application  of  an  EMCS  to  an  Air  Force  Base  will  reduce 
energy  consumption  for  that  base. 

2.  The  application  of  an  EMCS  to  an  Air  Force  Base  will  reduce 
energy  related  expenditures. 

3.  A methodology  has  been  developed  as  a part  of  this  study 
which  determines  the  best  EMCS  configuration  for  an  Air 
Force  Base  according  to  a given  criterion. 

4.  The  criterion  on  which  an  optimum  EMCS  is  determined  may  be 
either  energy  savings  or  dollar  savings.  The  two  criteria  are 
basically  independent  and  a decision  on  which  is  to  be  used 
must  be  made  prior  to  any  EMCS  analysis. 

5.  A thorough  analysis  should  be  performed  on  each  proposed 
Air  Force  EMCS  to  determine  the  optimum  configuration  and 
whether  or  not  that  configuration  is  worthwhile  on  an  energy 
saving  or  dollar  saving  basis. 
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2.0  SYSTEM  SCHEMATICS  AND  ANALYSIS  TECHNIQUES 


2.1  INTRODUCTION 

The  purpose  of  Section  2 of  the  AIR  FORCE  EMCS  APPLICATION 
STUDY  is  to  illustrate  typical  energy  consuming  systems  and  their 
relationship  to  an  ENERGY  MONITORING  AND  CONTROL  SYSTEM 
(EMCS).  This  volume  contains  schematics  of  each  type  of  system  show- 
ing the  devices  required  to  perform  each  EMCS  function  on  each  system 
type.  Analysis  techniques  for  determining  cost  and  savings  for  each 
EMCS  system/function  are  included  in  Section  2.3.  Survey  and  cal- 
culation forms  for  each  typical  system  are  included  in  Section  2.4. 

The  use  of  data  contained  in  this  section  is  directly  related  to  specif- 
ic analysis  methodology  described  in  Sections  1 and  3.  The  schematics 
and  analysis  techniques  listed  herein  are  included  primarily  for  illustra- 
tive purposes.  They  represent  one  approach  to  EMCS  applications. 
They  are  not  necessarily  the  best  approach  and  should  not  be  consider- 
ed the  approach  recommended  by  the  Air  Force.  Each  EMCS  designer 
must  rely  on  his  experience  to  apply  the  many  capabilities  of  an  EMCS. 


SYMBOLS 


SIGNAL  TRANSMITTED  TO  EMCS 
SIGNAL  RECEIVED  FROM  EMCS 
ALARM  CONTACT  SIGNAL 
GREATEST  COOLING  DEMAND  SIGNAL 
ENTHALPY  ECONOMIZER  CONTROL  INTERFACE 
GREATEST  HEATING  OEMAND  SIGNAL 
LOCAL  CONTROL  INTERRUPTION  INTERFACE 
PRESSURE  INDICATION  SIGNAL 
ON/OFF  STATUS  SIGNAL 

DIFFERENTIAL  PRESSURE  SWITCH  STATUS  SIGNAL 

CONTROLLER  RESET  INTERFACE 

START/STOP  INTERFACE 

TEMPERATURE  INDICATION 

HUMIDITY  INDICATION  SIGNAL 

FUNCTION  NUMBER  WHICH  REQUIRES  SIGNAL 

TEMPERATURE  CONTROLLER 

PRESSURE  CONTROLLER 

HIGH/LOW  DEMAND  SIGNAL  SELECTOR 

MOTOR  STARTER 

SENSOR  INSTALLED  IN  THERMOMETER  WELL 
SENSOR  INSTALLED  IN  DUCT  OR  PLENUM 
CHILLED  WATER 


SYMBOLS  CONTINUED 

EA  EXHAUST  AIR 

EAD  EXHAUST  AIR  DAMPER 

HW  HOT  WATER 

MA  MIXED  AIR 

M2D  MULTIZONE  DAMPER 

OA  OUTSIDE  AIR 

OAD  OUTSIDE  AIR  DAMPER 

RA  RETURN  AIR 

RAD  RETURN  AIR  DAMPER 

SA  SUPPLY  AIR 
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SCHEMATIC  S-14 


STEAM  BOILER 


I m — 


'riMi:  s<  orttcvriuN 

may  i.vi  i.i\c 

sTAJ(r/r.Tup 

'j  »•«  I 

clj  ^ j (aM  I'ATU.I  Of'fKAtloN 

nillJ  I K I.IMIT  AIJJL^T 

i<i  .1  I 

U'  1 wahm  i:’/Nn;»rr  cy(,i.k 

^ -i  U t 

o o ^ js.i.Mi-Y  iMjwMr/m 
I Sl'.va.  NH.IH  oKIPAlK 

’ niM/Lmi)  UH.K  PK1.KT 

K ; 

y i Hf  li^Af  t 1)11.  H)  SKT 

p.  i Clin.I  HI  UAU-K  KhSEf 

iP.  I tOMl.  UAIKK  RhliEf 

S’  f ■ ' 

O.A.  S-  MJ  U LE  RhSKT 


STA'.i/  .ti'!*  OJ  T[:ti7A'  IO:< 

I KiiKIi.f.  f,  SH  J.<.T 
cimi.r.t  j’wovii.v  A ‘.mxT  ' 
j'fMp  1 i.i  f rtoN 

SI-CLiUiy  H'!;iTtOSS 
VUE  AlAVri  VLV.cTlOSS 

tjke  rhmrts 
TI.OLJil.K  IilACNOrilS 
CRinCAJ.  AKf.\S  AIAKMS 
^All.lY  ALNHMS  ' 


STE  A 

Z 

i 

SCHEMATIC 

S-17 

LOCAL  ZONE  TEMPERATURE 
CONTROL  SIGNAL 


HOT  WATER  CIRCUIT 


HTW-TO-HW  CONVERTOR 


2.3  ANALYSIS  TECHNIQUES 


Note:  The  E-CUBE  75  building  energy  analysis  computer  program  is 

referred  to  throughout  this  section.  This  program  has  been  used  to 
perform  the  feasibility  analysis  that  is  a part  of  this  study.  Other 
building  energy  analysis  programs  may  be  used  to  perform  this  same 
analysis. 
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2.3.1  SYSTEM:  HOT  WATER  BOILER 
Schematic  #S-1 

FUNCTION;  O.A.  SCHEDULE  RESET,  #14 

Costs:  Temperature  Indication  2@  $300.  = $ 600. 

Controller  Reset  $650.  = $ 650. 

$1250. 

Savings : 

Boiler  temperature  reset  saves  by  reducing  heat  losses  through  the 
heating  system  and  flue  gases  and  by  providing  more  exact  control 
at  the  end  use  point.  This  last  item  provides  savings  by  reducing 
overheating  of  spaces  at  less  than  maximum  loads  due  to  control 
valve  insensitivity  in  those  operating  ranges.  No  exact  means  of 
quantifying  these  savings  is  known,  however  experience  indicates 
these  savings  should  be  a function  of  the  annual  hours  of  boiler 
operation  and  the  total  capacity  of  the  boiler.  An  increase  of  2% 
in  annual  operating  efficiency  will  be  assumed. 

S = H X E X I X Therms/MBTU 
Where 

S = annual  savings.  Therms 
H = annual  number  of  hours  boiler  is  fired 
E = efficiency  increase,  = 0.02 
I = maximum  input  capacity  of  boiler,  MBH 
Therms/MBTU  = 100 

FUNCTION:  MAINTENANCE  RUN  TIME  REPORTS,  #23 

Costs:  Differential  pressure  switch  status  indication  1(P  $300.  = $300. 
Savings: 

By  scheduling  maintenance  based  on  actual  operation,  assume  the 
EMCS  is  able  to  save  one  man-visit  per  heating  season  to  the 
boiler.  Assume  this  man-visit  is  2 hours  in  duration. 

S = 2 man  hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication  2@  $300.  = $ 600. 

Differential  pressure  switch 

status  indication  $300.  = $ 300. 

Alarm  contact  points  3@  $250.  = $ 750. 

$1650. 

Savings: 

Assume  total  of  2 hours  saved  per  year  of  occupant  and  main- 
tenance personnel  time  in  conveying  alarm  information. 

S = 2 man-hours 
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SYSTEM:  HOT  WATER  BOILER 
Schematic.  #S-1 


FUNCTION;  SAFETY  ALARM,  tt26 
Costs:  Alarm  contact  points  $250.  = $250. 

Savings : 

Assume  total  of  2 hours  saved  per  year  of  occupant  and  maintenance 
personnel  time  in  conveying  alarm  information. 

S = 2 man-hours 
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2.3.2  SYSTEM:  DX  UNIT,  AIR  COOLED 
Schematic  #S-2 

FUNCTION;  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Start/Stop  Interface  with 

On/Off  Status  Indication  $450.  = $450. 

Savings; 

Electrical  input  to  this  system  is  directly  related  to  cooling  load 
since  both  the  compressors  and  condenser  fans  cycle  in  response 
to  cooling  load.  Because  time  scheduled  operation  of  this  system 
only  delays  occurrence  of  cooling  load,  and  actual  reduction  of 
cooling  load,  such  as  outside  air  shutoff,  is  a result  of  air  system 
shutdown,  no  net  energy  savings  will  be  estimated  from  this  function. 

S = $0. 

FUNCTION:  DUTY  CYCLING,  #2 
Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings ; 

Because  duty  cycling  only  delays  the  occurrence  of  cooling  load, 
no  net  energy  savings  will  be  estimated  from  this  function. 

S = $0. 

FUNCTION;  DEMAND  LIMITING  START/STOP,  #3 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings:  | 

Assume  by  using  a rotating  group  load  shed  scheme  that  an  average 
of  25%  of  the  KW  load  of  this  system  may  be  shed  under  peak  I 

i conditions;  j 

S = (HP1  + HP2)  X L X KW/HP  x 0.25  x M ‘ 

Where 

S = annual  savings,  KW 

HP1  = total  compressor  motor  nameplate  horsepower 
HP2  = total  condenser  fan  motor  nameplate  horsepower 
L = load  factor,  combination  of  motor  efficiency  and  actual 
actual  motor  loading,  use  0.8 

KW/HP  = conversion  factor  from  horsepower  to  kilowatts,  use  0.746  i 

M = Number  of  months  system  operates 
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SYSTEM;  DX  UNIT,  AIR  COOLED 
Schematic  #S-2 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings : 

For  same  reasons  listed  under  TIME  SCHEDULED  OPERATION,  no  net 
energy  savings  will  be  estimated  from  this  function. 

S = $0. 

FUNCTION:  MAINTENANCE  RUN  TIME  REPORTS,  #23 

Costs:  ON/OFF  STATUS  Indication  $300.  = $300. 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1; 

S = 2 man-hours 

FUNCTION;  TROUBLE  DIAGNOSIS,  #24 

Costs;  ON/OFF  Status  Indication  $300.  = $ 300. 

Alarm  Contact  Points  3(9  $250.  = $ 750. 

$1050. 

Savings  • 

Assume  same  as  savings  for  this  function  on  schematic  S-1; 

S = 2 man-hours 

FUNCTION:  SAFETY  ALARMS,  #26 

Costs:  Alarm  Contact  Point,  1@  $250.  = $250. 

Savings : 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 

S = 2 man-hours 
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SYSTEM;  SINGLE  ZONE  AIR  HANDLER 
Schematic  #S-3 


FUNCTION;  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Sturt/Stop  Interface  with 

differential  pressure  switch 

status  indication  $450.  = $450. 

Savings : 

Simulate  building  loads  and  system  operation  using  ECUBE.  In 
initial  run  assume  that  systems  run  24  hr/day,  7 day/week.  In 
second  run  assume  that  systems  run  only  during  occupied  hours  plus 
one  hour  in  the  morning  for  warm  up  or  cool  down.  Do  not 
include  fan  KW  in  ECUBE  runs  so  that  results  are  representative 
only  of  heating  and  cooling  energy  reduction.  This  heating 
and  cooling  energy  savings  can  then  be  proportioned  on  a per 
cfm  basis  to  other  similar  systems.  Fan  energy  savings  should 
then  be  added  by  multiplying  the  fan  KW  by  the  number  of  hours 
of  shutdown  for  the  system.  Thus; 

Cooling  Savings  = Difference  in  electrical  consumption 

of  ECUBE  runs. 

Heating  Savings  = difference  in  heating  consumption  of 

ECUBE  runs. 

Fan  Savings  = HP  x L x KW/HP  x (8760  - H) 

Where 

HP  = total  fan  motor  nameplate  horsepower 
L = load  factor,  use  0.8 
KW/HP  = 0.746 

H = number  of  hours  of  system  operation 

If  the  air  handler  is  presently  operating  around  the  clock  the 
above  calculated  savings  may  be  used  directly.  If  however  the  unit 
is  currently  started  and  stopped  by  a time  switch,  full  credit  can 
not  be  taken  for  the  above  savings  for  the  EMCS.  Determining  what 
savings  may  be  attributed  to  the  EMCS  becomes  a function  of  the 
reliability  of  the  time  switch  system.  Time  switches  can  be 
effective  devices  for  the  reduction  of  energy  consumption,  however, 
they  have  several  disadvantages.  They  do  not  take  into  account 
holiday  operation,  seasonal  changes,  or  daily  weather  variations. 

They  are  also  easily  tampered  with,  bypassed,  or  overridden  The 
pins  which  activate  actions  may  slide,  thus  causing  system  operation 
and  energy  consumption  at  unnecessary  times.  They  must  be  checked 
often  to  insure  proper  operation  and  must  be  reset  manually  everytime 
a power  outage  occurs  for  any  appreciable  time  period.  The  EMCS  is 
capable  of  performing  the  same  operations  as  the  time  switches 
but  without  most  of  the  difficulties  described,  since  it  is  not  within 
the  reach  of  tampering,  and  system  operations  are  monitored  constantly 
by  the  console  operator. 
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SYSTEM:  SINGLE  ZONE  AIR  HANDLER 
Schematic  #S-3 


An  exact  method  of  analyzing  the  energy  savings  of  an  EMCS  over  a 
time  switch  system  is  not  available.  The  survey  of  buildings 
indicates  that  some  buildings  with  time  switches  are  operating 
properly  while  others  have  been  overridden  or  set  improperly.  With 
time  clocks,  a system  that  is  operating  properly  one  day  may  be 
operating  improperly  the  next  day.  This  is  not  true  with  the  EMCS 
since  modifications  to  operations  must  be  made  by  the  EMCS  operators. 
For  these  reasons,  the  EMCS  savings  over  time  switches  will  be 
estimated  by  multiplying  an  efficiency  factor  times  the  heating,  cooling, 
and  fan  savings  estimated  above.  The  efficiency  factor  will  be  assumed 
to  equal  0.3. 

FUNCTION;  DUTY  CYCLING,  #2 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings : 

Assume  the  system  may  be  shut  down  for  an  average  of  10  minutes 
per  hour.  The  savings  resulting  from  this  function  are  fan 
energy  and  outside  air  heating  and  cooling  energy.  Outside 
air  loads  are  difficult  to  determine  since  they  actually 
depend  on  space  load  conditions.  If  there  is  a net  cooling 
load  in  the  space,  and  the  outside  air  is  below  75°F,  the 
outside  air  actually  reduces  energy  consumption.  Also  actual 
f outside  air  quantities  may  be  very  different  from  design 

f quantities,  with  no  practical  means  of  determining  what  the 

actual  quantity  is.  Therefore  outside  air  load  savings  will 
t be  ignored  in  duty  cycling  analysis. 

I S = HP  X L X 10/60  X H X KW/HP 

Where 

HP  = total  fan  motor  nameplate  horsepower 
10/60  = fraction  of  time  system  is  shut  down 
H = required  annual  hours  of  system  operation 
[ L = 0.8  load  factor 

[ KW/HP  = 0.746 


FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 


Costs;  Same  as  TIME  SCHEDULED  OPERATION  = $450. 


Savings: 

Assume  that  system  can  be  shed  25%  of  time  under  peak  load 
conditions  (same  period  as  duty  cycling). 
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SYSTEM:  SINGLE  ZONE  AIR  HANDLER 
Schematic  #S-3 

S = HP  X L X KW/HP  X 0.25  x M 
Where 

HP  = total  fan  motor  nameplate  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

M = number  of  months  per  year  system  operates 

FUNCTION:  ENTHALPY  ECONOMIZER,  #8 

Costs:  Return  air  temperature  indication  $300.  = $ 300. 

Return  air  relative  humidity  indication  $500.  = $ 500. 

Enthalpy  changeover  interface  $570.  = $ 570. 

$1370. 


Savings : 

Simulate  building  loads  and  enthalpy  economizer  operation 
with  ECUBE.  In  initial  run  assume  that  no  economizer  is  operable, 
in  second  run  simulate  savings  from  conventional  dry  bulb 
economizer  changeover,  and  in  third  run  simulate  savings  from 
enthalpy  economizer  operation.  All  runs  should  be  made  assuming 
the  system  is  operating  the  minimum  number  of  hours  necessary. 
Savings  may  be  proportioned  for  similar  systems  on  a per  cfm 
basis . 

FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Space  temperature  indication  $300.  = $300. 

Start/Stop  interface  with 
Differential  pressure  switch  status 

indication  $450.  = $450. 

$750. 


Savings : 

Use  ECUBE  to  simulate  thermostat  setup/setback  operation. 

Assume  a summer  setup  of  5°F  and  a winter  setback  of  15°F.  These 
values  have  been  chosen  because  the  night  setback  function  is 
generally  only  used  where  sensitive  equipment  or  materials  are 
present  and  the  system  cannot  be  shutdown  by  a time  scheduled 
operation  function. 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 
Cost:  Same  as  SPACE  NIGHT  SETBACK  = $750. 

Savings: 

Assume  an  average  of  1/2  hour  of  fan  operation  per  occupied  day 
may  be  saved  by  this  function.  Assume  no  net  heating  or  cooling 
energy  is  saved. 
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SYSTEM:  SINGLE  ZONE  AIR  HANDLER 
Schematic  #S-3 

S = HP  X L X KW/HP  X 0.5  x OD 
Where 

HP  = Total  fan  motor  nameplate  horsepower 
L = load  factor,  use  0.8 
KW/HP  = 0.746 

OD  = number  of  occupied  days  per  year 


FUNCTION:  MAINTENANCE  RUN  TIME  REPORT,  #23 

Costs:  Differential  pressure  switch 

status  indication  $300.  = $300. 


Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1 . 

S = 2 man-hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication  4@  $300.  = $1200. 

Differential  pressure  switch 

status  indication  $300.  = $ 300. 

$1500. 


Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 
S = 2 man-hours 
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2.3.4 


SYSTEM:  TERMINAL  REHEAT  AIR  HANDLER 
Schematic  #S-4 


FUNCTION:  TIME  SCHEDULE  OPERATION,  #1 

Costs:  Start/Stop  Interface  with 

Differential  Pressure  Switch  $450.  = $450. 

Savings : 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3  except  include  reheat  penalty  in  ECUBE  input;  thus: 

Cooling  Savings  = difference  in  electrical  consumption  of  ECUBE 
runs 

Heating  Savings  = difference  in  heating  consumption  of  ECUBE  runs 
Fan  Savings  = HP  x L x KW/HP  x (8760-H) 

If  the  system  is  presently  started  and  stopped  via  a time 
switch  multiply  the  above  savings  by  0.3. 

FUNCTION:  DUTY  CYCLING,  #2 

Costs;  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings : 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3 

S = HP  X L X KW/HP  X 10/60  x H 
FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 

Costs;  Same  as  TIME  SCHEDULED  OPERATIONS  = $450. 

Savings ; 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3. 

S = HP  X L X KW/HP  X 0.25  x M 
FUNCTION:  ENTHALPY  ECOMONIZER,  #8 

Costs;  Same  as  those  for  this  function  on  schematic  #S-3  = $1370. 
Savings: 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3.  Include  reheat  penalty  in  ECUBE  input. 

FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Cost:  Same  as  those  for  this  function  on  schematic  #S-3  = $750. 

Savings : 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3.  Include  reheat  penalty  in  ECUBE  input. 


SYSTEM;  TERMINAL  REHEAT  AIR  HANDLER 
Schematic  #S-4 

FUNCTION:  REHEAT  COIL  RESET,  #11 

Costs:  Temperature  indication 
Controller  Reset  device 
Relative  humidity  indication 
Zone  greatest  cooling  selector 


1@  $300.  = $300. 
1@  $650.  = $650. 
1(3  $500.  = $500. 
1@  $450.  = $450. 

$1900. 


Savings : 

Simulate  system  operation  with  ECUBE.  ECUBE  does  not  have 
simulation  routines  necessary  to  select  the  zone  with  the  greatest 
cooling  demand  and  then  calculate  the  necessary  cooling  coil 
leaving  temperature.  In  order  to  approximate  the  savings  from 
this  function,  run  ECUBE  assuming  an  average  increase  in  cooling 
coil  temperature  of  5°F  above  the  temperature  used  in  the  initial 
run . 


FUNCTION:  START/STOP  OPTIMIZATION,  #16 
Costs;  Same  as  those  for  this  function  on  schematic  #S-3  = $750. 
Savings; 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3. 

S = HP  X L X KW/HP  X 0.5  x OD 
FUNCTION;  MAINTENANCE  RUN  TIME  REPORTS,  #23 
Costs;  Differential  pressure  switch  status  indication  = $300. 

Savings; 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 

S = 2 man-hours 


FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication 

Differential  pressure  switch 
status  indication 


3@  $300.  = $ 900. 

1@  $300.  = $ 300. 

$1200. 


Savings; 

Assume  same  as  for  this  function  on  schematic  S-1: 
S = 2 man-hours 


2-34 


2.3.5  SYSTEM;  CHILLER,  AIR  COOLED 
Schematic  ^tS-5 

FUNCTION;  TIME  SCHEDULED  OPERATION,  #1 

Costs;  Start/Stop  Interface  with 

Differential  Pressure  Switch  $450.  = $450. 

Savings; 

Assume  electrical  input  to  chiller  and  condenser  is  proportional 
to  cooling  load  as  described  for  this  function  on  schematic  S-2. 
Savings  will  result  from  chilled  water  pump  shutdown; 

S = HP  X L X KW/HP  X (8760-H) 

Where 

HP  = chilled  water  pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

H = number  of  hours  of  system  operation 

If  system  is  presently  time  clock  controlled,  multiply  the  above 
savings  by  0.3. 

FUNCTION:  DUTY  CYCLING,  #2 

Costs;  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings: 

Savings  will  occur  from  chilled  water  pump  shutdown; 

S = HP  X L X KW/HP  X H X 10/60 
Where 

HP  = chilled  water  pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

H = number  of  hours  of  system  operation 


FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 
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SYSTEM:  CHILLER,  AIR  COOLED 
Schematic  #S-5 


Savings: 

Savings  similar  to  this  function  on  schematic  S-2  except  for 
addition  of  chilled  water  pump  horsepower. 

S = (HPl  + HP2  + HP3)  X L X KW/HP  x 0.25  x M 
Where 

HPl  = total  compressor  horsepower 
HP2  = total  condenser  fan  horsepower 
HP3  = total  chilled  water  pump  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

M = number  of  months  per  year  system  operates 

FUNCTION:  CHILLED  WATER  RESET,  #12 

Costs:  Temperature  indication  2@  $300.  = $ 600. 

Reset  controller  $650.  = $ 650. 

Differential  pressure  switch  status  $300.  = $ 300. 

$1550. 


Savings: 

Approximately  1.5%  efficiency  increase  may  be  obtained  by 
increasing  the  average  chilled  water  temperature  1°F.  Assume 
the  EMCS  is  capable  of  obtaining  an  average  increase  of  2°F. 
in  chilled  water  temperature,  thus  a resultant  savings  of  3% 
of  compresser  and  condenser  fan  energy  should  be  realized.  To 
conservatively  approximate  these  savings,  assume  a loading  of 
1000  equivalent  full  load  hours.  Also  assume  an  average 
consumption  of  1 KWH/ton-hour . Savings  resulting  are: 

S = T X 1000  hrs.  x 1 KWH/ton-hr  x 0.03 
Where 

T = chiller  capacity,  tons 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 
Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings : 

Assume  saving  1/2  hour  of  chilled  water  pump  operation  per  day 
of  operation: 

S = HP  X L X KW/HP  X 0.5  X 0 
Where 

HP  = pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 
0 = days  of  operation 
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SYSTEM:  CHILLER,  AIR  COOLED 
Schematic  ttS-5 


FUNCTION:  MAINTENANCE  RUN  TIME  REPORTS,  #23 

Costs:  Differential  pressure  switch  status  $300.  = $300. 

Savings: 

Same  as  this  function  on  schematic  S-1 
S = 2 man-hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Differential  pressure  switch  status  $300.  = $ 300. 

Temperature  indication  2@  $300.  = $ 600. 

Alarm  contact  points  4@  $250.  = $1000. 

$1900. 


Savings: 

Same  as  this  function  on  schematic  S-1 
S = 2 man-hours 

FUNCTION:  SAFETY  ALARMS,  #26 

Costs:  Alarm  contact  point,  1®  $250.  = $250. 

Savings; 

Same  as  this  function  on  schematic  S-1 
S = 2 man-hours 
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2.3.6 


SYSTEM;  MULTIZONE  AIR  HANDLER 
Schematic  #S-6 


FUNCTION;  TIME  SCHEDULE  OPERATION,  #1 

Cost;  Start/Stop  Interface  with 

Differential  Pressure  Switch  $450.  = $450. 

Savings; 

Use  same  approach  as  that  described  for  this  function  on  schematic 
ttS-3  except  include  hot/cold  duct  mixing  penalty  in  ECUBE  input; 
thus ; 

Cooling  Savings  = difference  in  electrical  consumption  of  ECUBE 
runs 

Heating  Savings  = difference  in  heating  consumption  of  ECUBE 
runs 

Fan  Savings  = HP  x L x KW/HP  x (8760-H) 

If  the  system  is  presently  started  and  stopped  via  a time  switch 
multiply  the  above  savings  by  0.3. 

FUNCTION;  DUTY  CYCLING,  #2 

Costs;  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings; 

Use  same  approach  as  that  described  for  this  function  on  schematic 
ttS-3 

S = HP  X L X KW/HP  X 10/60  x H 
FUNCTION;  DEMAND  LIMITING  START/STOP,  #3 

Cost;  Same  as  TIME  SCHEDULED  OPERATIONS  = $450. 

Savings; 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3. 

S = HP  X L X KW/HP  X 0.25  X M 

FUNCTION;  SPACE  NIGHT  SETBACK,  tt9  | 

Costs:  Same  as  those  for  this  function  on  schematic  #S-3  = $750.  j 


Savings ; 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3.  Include  hot/cold  deck  mixing  penalty  in  ECUBE  input. 


SYSTEM:  MULTIZONE  AIR  HANDLER 
Schematic  #S-6 


FUNCTION:  HOT/COLD  DECK  RESET,  #10 


Temperature  indication 

2@  $ 

300. 

= $ 600. 

Controller  Reset  device 

2^1  $ 

650. 

= $1300. 

Relative  humidity  indication 

1@  $ 

500. 

= $ 500. 

Zone  greatest  cooling  selector 

1@  $ 

450. 

= $ 450. 

Zone  greatest  heating  selector 

1@  $ 

450. 

= $ 450. 
$3300. 

Savings: 

Simulate  system  operation  with  ECUBE.  ECUBE  does  not  have 
simulation  routines  necessary  to  select  the  zones  with  the  greatest 
demand  and  then  calculate  the  necessary  hot/cold  deck  leaving 
temperatures.  In  order  to  approximate  the  savings  from  this 
function,  run  ECUBE  assuming  an  average  decrease  in  cooling 
coil/heating  coil  temperature  difference  of  5°F  compared  to  the 
temperature  difference  used  in  the  initial  run. 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 

Costs:  Same  as  those  for  this  function  on  schematic  #S-3  = $750. 

Savings : 

Use  same  approach  as  that  described  for  this  function  on  schematic 
#S-3. 

S = HP  X L X KW/HP  X 0.5  x OD 
FUNCTION:  MAINTENANCE  RUN  TIME  REPORTS,  #23 
Costs:  Differential  pressure  switch  status  indication  = $300. 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 

S = 2 man-hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication  4@  $300.  = $1200. 

Differential  pressure  switch 

status  indication  $300.  = $ 300. 

$1500. 

Savings: 

Assume  same  as  for  this  function  on  schematic  S-1: 

S = 2 man-hours 


2.3.7 


SYSTEM:  SINGLE  ZONE  SPLIT  SYSTEM 
Schematic  #S-7 


FUNCTION;  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Start/Stop  Interface  with 

differential  pressure  switch 

status  indication  10  $450.  = $450. 

Savings: 

Use  same  approach  as  that  described  for  this  function  on  Schematic 
#S-3.  If  the  system  is  presently  time  switch  controlled,  multiply 
the  calculated  savings  by  0.3. 

FUNCTION:  DUTY  CYCLING,  #2 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings : 

Assume  the  system  may  be  shut  down  for  an  average  of  15  minutes 
per  hour.  The  savings  resulting  from  this  function  are  fan 
energy  and  outside  air  heating  and  cooling  energy.  Outside 
air  loads  are  difficult  to  determine  since  they  actually 
depend  on  space  load  conditions.  If  there  is  a net  cooling 
load  in  the  space,  and  the  outside  air  is  below  75°F,  the 
outside  air  actually  reduces  energy  consumption.  Also  actual 
outside  air  quantities  may  be  very  different  from  design 
quantities,  with  no  practical  means  of  determining  what  the 
actual  quantity  is.  Therefore  outside  air  load  savings  will 
be  ignored  in  duty  cycling  analysis. 

S = HP  X L X 15/60  X H X KW/HP 
Where 

HP  total  fan  motor  nameplate  horsepower 
15/60  = fraction  of  time  system  is  shut  down 
H = required  annual  hours  of  system  operation 
L = 0.8  load  factor 
KW/HP  = 0.746 

FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 

Costs;  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings: 

Assume  system  can  be  shed  25%  of  time  under  peak  load 
conditions  (same  period  as  duty  cycling). 
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SYSTEM:  SINGLE  ZONE  SPLIT  SYSTEM 
Schematic  #S-7 


S = (HP1  + HP2  + HP3)  X L X KW/HP  x 0.25  x M 
Where 

HP1  = total  fan  motor  nameplate  horsepower 

HP2  = total  compressor  motor  nameplate  horsepower 

HP3  = total  condenser  fan  motor  nameplate  horsepower 

L = load  factor,  0.8 

KW/HP  = 0.746 

M = number  of  months  per  year  system  operates 

FUNCTION:  ENTHALPY  ECONOMIZER,  #8 

Costs:  Return  air  temperature  indication  $300.  = $ 300. 

Return  air  relative  humidity  indication  11@  $500.  = $ 500. 
Enthalpy  changeover  interface  $570.  = $ 570. 

$1370. 

Savings: 

Simulate  building  loads  and  enthalpy  economizer  operation 
with  ECUBE.  In  initial  run  assume  no  economizer  is  operable, 
in  second  run  simulate  savings  from  conventional  dry  bulb 
economizer  changeover,  and  in  third  run  simulate  savings  from 
enthalpy  economizer  operation.  All  runs  should  be  made  assuming 
the  system  is  operating  the  minimum  number  of  hours  necessary. 
Savings  may  be  proportioned  for  similar  systems  on  a per  cfm 
basis . 

FUNCTION:  SPACE  NIGHT  SETBACK, 

Costs:  Space  temperature  indication  $300.  = $300. 

Start/Stop  interface  with 
differential  pressure  switch  status 

indication  $450.  = $450. 

$750. 

Savings: 

Utilize  ECUBE  to  simulate  thermostat  setup/setback  operation. 

Assume  a summer  setup  of  5°F  and  a winter  setback  of  15°F.  These 
values  have  been  chosen  because  the  night  setback  function  is 
generally  only  used  where  sensitive  equipment  or  materials  are 
present  and  the  system  cannot  be  shutdown  by  a time  scheduled 
operation  function. 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 
Costs:  Same  as  SPACE  NIGHT  SETBACK  = $750. 

Savings ; 

Assume  an  average  of  1/2  hour  of  fan  operation  per  occupied 

day  may  be  saved  by  this  function.  Assume  no  net  heating  or  cooling 

energy  is  saved. 
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SYSTEM:  SINGLE  ZONE  SPLIT  SYSTEM 
Schematic  #S-7 

S = HP  X L X KW/HP  X 0.5  x OD 
Where 

HP  = Total  fan  motor  nameplate  horsepower 
L = load  factor,  use  0.8 
KW/HP  = 0.746 

OD  = number  of  occupied  days  per  year 


FUNCTION:  MAINTENANCE  RUN  TIME  REPORT,  #23 

Costs:  Differential  pressure  switch 

status  indication  $300.  = $300. 

Savings : 

Assume  same  as  savings  for  this  function  on  schematic  S-1 : 

S = 2 man-hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication  4(3  $300.  = $1200. 

Differential  pressure  switch 

status  indication  $300.  = $ 300. 

$1500. 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 

S = 2 man-hours 
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2.3.8  SYSTEM:  CHILLER,  WATER  COOLED 
[ Schematic  #S-8 

FUNCTION:  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Start/Stop  Interface  with  two 

Differential  Pressure  Switches  $750.  = $750. 

Savings: 

Assume  electrical  input  to  chiller  and  cooling  tower  fan  is 
proportional  to  cooling  load  as  described  for  this  function  on 
schematic  S-2.  Savings  will  result  from  chilled  water  pump 
and  condenser  water  pump  shutdown: 

S = (HP1  + HP2)  X L X KW/HP  x (8760-H) 

Where 

HP1  = chilled  water  pump  motor  horsepower 
HP2  = condenser  water  pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

H = number  of  hours  of  system  operation 

If  system  is  presently  time  clock  controlled,  multiply  the  above 
savings  by  0.3. 

C FUNCTION:  DUTY  CYCLING,  #2 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $750. 

Savings: 

Savings  will  occur  from  chilled  water  pump  and  condenser 
‘ water  pump  shutdown: 

S = (HP1  + HP2)  X L X KW/HP  x H x 10/60 
^ Where 

HP1  = chilled  water  pump  motor  horsepower 

HP2  = condenser  water  pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

H = number  of  hours  of  system  operation 


FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 
Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $750. 

Savings: 

Savings  similar  to  this  function  on  schematic  S-2  except  for 
addition  of  chilled  water  pump,  condenser  water  pump,  and  cooling 
tower  fan  horsepower. 
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SYSTEM:  CHILLER,  WATER  COOLED 
Schematic  #S-8 


S = (HP1  + HP2  + HP3  + HP4)  x L x KW/HP  x 0.25  x M 
Where 

HP1  = total  compressor  horsepower 
HP2  = total  cooling  tower  fan  horsepower 
HP3  = total  chilled  water  pump  horsepower 
HP4  = condenser  water  pump  horsepower 
L = load  factor,  0,8 
KW/HP  = 0.746 

M = number  of  months  per  year  system  operates 

FUNCTION:  CHILLED  WATER  RESET,  #12 

Costs:  Temperature  indication  2@  $300.  = $600. 

Reset  controller  $650.  = $650. 

Differential  pressure  switch  status  $300.  = $300. 

$1550. 

Savings: 

Approximately  1.5%  efficiency  increase  may  be  obtained  by 
increasing  the  average  chilled  water  temperature  1°F.  Assume 
the  EMCS  is  capable  of  obtaining  an  average  increase  of  2°F. 
in  chilled  water  temperature,  thus  a resultant  savings  of  3% 
of  compressor  and  cooling  tower  fan  energy  should  be  realized. 

To  conservatively  approximate  these  savings,  assume  a loading  of 
1000  equivalent  full  load  hours.  Also  assume  an  average  con- 
sumption of  1 KWH/ton-hour.  Savings  resulting  are: 

S = T X 1000  hrs.  x 1 KWH/ton-hr  x 0.03 
Where 

T = chiller  capacity,  tons 


FUNCTION:  CONDENSER  WATER  RESET,  #13 


Costs:  Temperature  indication 
Reset  controller 

Differential  pressure  switch  status 


20  $300.  = $600. 
10  $650.  = $650. 
10  $300.  = $300. 

$1550. 


Savings: 

Approximately  1.5%  efficiency  increase  may  be  obtained  by 
decreasing  the  average  condenser  water  temperature  1“F. 

Assume  the  EMCS  is  capable  of  obtaining  an  average  decrease  of 
3°F.  in  condenser  water  temperature,  thus  a resultant  savings 
of  4.5%  of  compressor  energy  should  be  realized.  To  conserv- 
atively approximate  these  savings,  assume  a loading  of  1000 
equivalent  full  load  hours.  Also  assume  an  average  consumption 
of  1 KWH/ton-hr.  Savings  resultings  are: 
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SYSTEM:  CHILLER,  WATER  COOLED 
Schematic  ttS-8 


S = T X 1000  hrs  x 1 KWH/ton-hr  x 0.045 

Where  I 

T = chiller  capacity,  tons  j 

: ! 

I 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $750. 

Savings; 

Assume  saving  1/2  hour  of  chilled  water  pump  and  condenser 
water  pump  operation  per  day  of  operation: 

1 S = (HP1  + HP2)  X L X KW/HP  x 0.5  X 0 

Where 

HP1  = chilled  pump  motor  horsepower 

1 HP2  = condenser  water  pump  motor  horsepower 

L = load  factor,  0.8 

KW/HP  = 0.746  ’ 

0 = days  of  operation  \ 

I 

I 

FUNCTION:  MAINTENANCE  RUN  TIME  REPORTS,  #23 
Costs;  Differential  pressure  switch  status  2@  $300.  = $600. 

Savings: 

Same  as  this  function  or  schematic  S-2 
S = 2 man-hours 


FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Differential  pressure  switch  status 
Temperature  indication 
Alarm  contact  points 


Savings: 

Same  as  this  function  on  schematic  S-2 
S * 2 man-hours 

FUNCTION:  SAFETY  ALARMS,  #26 
Costs:  Alarm  contact  point. 

Savings: 

Same  as  this  function  on  schematic  S-2 
S = 2 man-hours 
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2»  $300. 
4@  $300. 
5@  $250. 


= $ 600. 
= $1200. 
= $1250. 
$3050. 


10  $250.  = $250. 


2.3.9  SYSTEM:  HEATING  AND  VENTILATING  UNIT 
Schematic  #S-9 

FUNCTION:  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Start/Stop  Interface  with 

differential  pressure  switch 

status  indication  $450.  = $450. 


Savings: 

Use  same  approach  as  that  described  for  this  function  on  Schematic 
#S-3.  Include  heating  only  in  ECUBE  analysis.  If  the  system  is 
presently  time  switch  controlled,  multiply  the  calculated  savings  by 


0.3. 


FUNCTION:  DUTY  CYCLING,  #2 
Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings: 

Assume  the  system  may  be  shut  down  for  an  average  of  10  minutes 
per  hour.  The  savings  resulting  from  this  function  are  fan  ener- 
gy and  outside  air  heating  energy.  Outside  air  loads  are  difficult 
to  determine  because  they  actually  depend  on  space  load  condi- 
tions. Also  actual  outside  air  quantities  may  be  very  different 
from  design  quantities,  with  no  practical  means  of  determining 
what  the  actual  quantity  is.  Therefore  outside  air  load  savings 
will  be  ignored  in  duty  cycling  analysis. 

S = HP  X L X 10/60  X H X C X KW/HP 
Where 

HP  = total  fan  motor  nameplate  horsepower 
10/60  = fraction  of  time  system  is  shut  down 
H = required  annual  hours  of  system  operation 
C = electrical  cost,  $/KWH 
L = 0.8  load  factor 
KW/HP  = 0.746 

FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 
Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings: 

Assume  that  system  can  be  shed  25%  of  time  under  peak  load 
conditions  (same  period  as  duty  cycling). 


SYSTEM:  HEATING  AND  VENTILATING  UNIT 
Schematic  #S-9 

S = HP  X L X KW/HP  X 0.25  x M 
Where 

HP  = total  fan  motor  nameplate  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

M = number  of  months  per  year  system  operates 

FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Space  temperature  indication  10  $300.  = $300. 

Start/Stop  interface  with 
differential  pressure  switch  status 

indication  10  $450.  = $450. 

$750. 


Savings: 

Use  ECUBE  to  simulate  thermostat  setup/setback  operation. 

Assume  a winter  setback  of  15“F. 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 

Costs:  Same  as  SPACE  NIGHT  SETBACK  = $750. 

Savings: 

Assume  an  average  of  1/2  hour  of  fan  operation  per  occupied 
day  may  be  saved  by  this  function.  Assume  no  net  heating  energy 
is  saved. 

S = HP  X L X KW/HP  X 0.5  x OD 
Where 

HP  = Total  fan  motor  nameplate  horsepower 
L = load  factor,  use  0.8 
KW/HP  = 0.746 

OD  = number  of  occupied  days  per  year 


FUNCTION:  MAINTENANCE  RUN  TIME  REPORT,  #23 

Costs:  Differential  pressure  switch 

status  indication:  10  $300.  = $300. 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1 : 


S = 2 man-hours 


SYSTEM:  HEATING  AND  VENTILATING  UNIT 
Schematic  #S-9: 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication  4®  $300.  = $1,200. 

Differential  pressure  switch 

status  indication  $300.  = $ 300. 

$1,500. 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 

S = 2 man-hours 
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2.3.10 


SYSTEM:  CONVECTOR  HEATING  SYSTEM 
Schematic  #S-10 


FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Temperature  Indication 

Start/Stop  interface  with 
differential  pressure  switch 
status  indication 


10  $300.  = $300. 


10  $450.  = $450. 

$750. 


Savings: 

Use  ECUBE  to  simulate  night  setback  operation.  Assume  a 
winter  setback  temperature  reduction  of  15°F. 

FUNCTION:  MAINTENANCE  RUN  TIME  REPORTS,  #23 


Costs:  Differential  pressure  switch 
status  indicator 


10  $300.  = $300. 


Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1 : 
S = 2 man-hours 


FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  Indication 

Differential  pressure  switch 
status  indication 


30  $300.  = $ 900. 

10  $300.  = $ 300. 

$1200. 


Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 
S = 2 man-hours 


2-49 


2.3.11  SYSTEM:  HOT  WATER  CONVERTOR 
. Schematic  ltS-11 

FUNCTION:  O.A.  SCHEDULE  RESET,  #14 

Costs:  Temperature  Indication  2@  $300.  = $ 600. 

Controller  Reset  1@  $650.  = $ 650. 

$1250. 

Savings; 

Savings  are  estimated  in  the  same  manner  described  for  this 
function  on  schematic  S-1.  Because  there  are  no  flue  losses, 
however,  a decrease  in  annual  energy  consumption  of  1%  will  be 
assumed. 

S = H X 0.01  X I 
Where 

H = annual  number  of  hours  that  convertor  is  activated 
I = maximum  heat  transfer  capacity  of  convertor,  MBH 


FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs;  Temperature  Indication  2@  $300.  = $600. 

Savings; 

Assume  same  as  savings  for  this  function  on  schematic  S-1 ; 

S = 2 man-hours 
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2.3.12  SYSTEM:  TWO  PIPE  FAN  COIL  SYSTEM 
Schematic  #S-12 

FUNCTION:  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Start/Stop  Interface  with  Differential 

Pressure  Switch  Status  Indication  1@  $450.  = $450. 


Savings: 

Simulate  building  loads  and  system  operation  using  ECUBE  in  a 
manner  similar  to  that  used  for  this  function  on  Schematic  S'3. 
Instead  of  fan  energy  savings,  calculate  dual  temperature  pump 
savings. 

Cooling  Savings  = 

Difference  in  electrical  consumption  of  ECUBE  runs. 

Heating  Savings  = 

Difference  in  heating  consumption  of  ECUBE  runs. 

Pump  Savings  = 

HP  X L X KW/HP  X (8760  -H) 

Where 

HP  = total  pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

H = Number  of  hours  of  system  operation 


If  the  system  is  presently  time  switch  started  and  stopped  multiply  the 
above  savings  by  0.3. 

FUNCTION:  DUTY  CYCLING,  #2 

Costs:  Same  as  TIME  SCHEDULED  OPERAtlON  = $450. 

Savings: 

Assume  the  system  may  be  shut  down  for  an  average  of  15  minutes 
per  hour.  The  savings  resulting  from  this  function  are  pump 
energy. 

S = HP  X L X 10/60  X H X KW/HP 
Where 

HP  = total  pump  motor  nameplate  horsepower 
15/60  = fraction  of  time  system  is  shut  down 
H = required  annual  hours  of  system  operation 
L = 0.8  load  factor 
KW/HP  = 0.746 
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SYSTEM:  TWO  PIPE  FAN  COIL  SYSTEM 
Schematic  #S-12 

FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 
Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 
Savings: 

Assume  system  can  be  shed  25%  of  time  under  peak  load 
conditions  (same  period  as  duty  cycling). 


S = HP  X L X HP/KW  X 0.25  x M 
Where 

HP  = total  pump  motor  nameplate  horsepower 
L = load  factor,  0.8 
HP/KW  = 0.746 

M = number  of  months  per  year  system  operates 

FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Space  temperature  indication  $300.  = $300. 

Start/Stop  interface  with 
Differential  pressure  switch  status 

indication  $450.  = $450. 

$750. 


Savings: 

Use  ECUBE  to  simulate  thermostat  setup/setback  operation. 

Assume  a summer  setup  of  5“F  and  a winter  setback  of  15°F. 

FUNCTION:  START/STOP  OPTIMIZATION,  #16 

Cost:  Same  as  SPACE  NIGHT  SETBACK  = $750. 

Savings: 

Assume  an  average  of  1/2  hour  of  pump  operation  per  occupied  day 
may  be  saved  by  this  function.  Assume  no  net  heating  or  cooling 
energy  is  saved. 

S = HP  x L x KW/HP  X 0.5  x OD 
Where 

HP  = Total  pump  motor  nameplate  horsepower 
L = load  factor,  use  0.8 
KW/HP  = 0.746 

OD  = number  of  occupied  days  per  year 


FUNCTION:  MAINTENANCE  RUN  TIME  REPORT,  #23 

Costs:  Differential  pressure  switch 

status  indication  1@  $300.  = $300. 
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SYSTEM:  TWO  PIPE  FAN  COIL  SYSTEM 
Schematic  #S-12 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1 . 

S = 2 man-hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication  2@  $300.  = $600. 

Differential  pressure  switch 

status  indication  $300.  = $300. 

$900. 


Savings: 

Assume  same  as  savings  for  this  function  on  schematic  5-1 . 


S = 2 man-hours 


2.3.13 


SYSTEM:  STEAM  UNIT  HEATER  SYSTEM 
Schematic  #S-13 


FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Start/Stop  interface  to  open/close 

steam  valve  $450. 

Temperature  Indication  1@  $300. 

New  steam  valve  (based  on  2-1/2"  line)  1@  $500. 


Savings: 

Simulate  effect  of  night  setback  with  ECUBE. 
setback  of  15°F.  during  unoccupied  hours. 


= $ 450. 
= $ 300. 
= $ 500. 
$1250. 


Assume  a total 


2.3.14 


SYSTEM:  STEAM  BOILER 
Schematic  #S-14 


FUNCTION:  TROUBLE  DIAGNOSIS,  #24 


Costs:  Pressure  Indication  1@  $500.  = $ 500. 

Alarm  Contact  Points  2@  $250.  = $ 500. 

$1000. 


Savings: 

Same  as  those  calculated  for  this  function  on  Schematic  S-1 : 
5=2  man-hours 

FUNCTION:  SAFETY  ALARM,  #26 


Costs: 


Alarm  contact  point 


1@  $300.  = 


Savings : 

Same  as  those  calculated  for  this  function  on  Schematic 
S = 2 man-hours 


$300. 


S-1: 


i 

! 
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2.3.15  SYSTEM:  DIRECT  FIRED  FURNACE 
Schematic  #S-15 

FUNCTION:  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Start/Stop  Interface  with 

differential  pressure  switch 

status  indication  $450.  = $450. 


Savings: 

Use  same  approach  as  that  described  for  this  function  on  Schematic 
ttS-3.  Include  heating  only  in  ECUBE  analysis.  If  the  system  is 
presently  time  switch  controlled,  multiply  the  calculated  savings 
by  0.3. 

FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Space  temperature  indication  $300.  = $300. 

Start/Stop  interface  with 
differential  pressure  switch 

status  indication  $450.  = $450. 

$750. 


Savings: 

Utilize  ECUBE  to  simulate  thermostat  setup/setback  operation. 
Assume  a winter  setback  of  15®F. 

FUNCTION:  MAINTENANCE  RUN  TIME  REPORT,  #23 

Costs:  Differential  pressure  switch 

status  indication:  1@  $300.  = $300. 


Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 

S = 2 man-hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  indication  4@  $300.  = $1200. 

Differential  pressure  switch 

status  inaication  1@  $300.  = $ 300. 

$1500. 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1: 

S = 2 man-hours 


! 

> 

i 


} ; 
; i 


If 

• i 


I 


i ? 
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2.3.16  SYSTEM:  DX  UNIT,  WATER  COOLED 
Schematic  #S-16 

FUNCTION:  TIME  SCHEDULED  OPERATION,  #1 

Costs:  Start/Stop  Interface  with 

Differential  Pressure  Switch  1@  $450.  = $450. 

Savings : 

Assume  electrical  input  to  compressor  and  cooling  tower  fan  is 
proportional  to  cooling  load  as  described  for  this  function  on 
schematic  S-2.  Savings  will  result  from  condenser  water  pump 
shutdown: 

S = HP  X L X KW/HP  X (8760-H) 

Where 

HP  = Condenser  water  pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

H = number  of  hours  of  system  operation 

If  system  is  presently  time  clock  controlled,  multiply  the  above 
savings  by  0.3. 

t 

I 

FUNCTION:  DUTY  CYCLING,  #2  | 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings:  * 

Savings  will  occur  from  condenser  water  pump  shutdown:  ' 

S = HP  X L X KW/HP  X H X 10/60 
Where 

HP  = condenser  water  pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 

H = number  of  hours  of  system  operation 

i 

FUNCTION:  DEMAND  LIMITING  START/STOP,  #3 
Costs;  Same  as  TIME  SCHEDULED  OPERATION  = $450. 


Savings: 

' Savings  similar  to  this  function  on  schematic  S-2  except  for 

addition  of  condenser  water  pump  horsepower. 

I 

I 

j 
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SYSTEM:  DX  UNIT,  WATER  COOLED 
Schematic  #S-16 

S = (HP1  + HP2  + HP3)  X L X KW/HP  x 0.25  x M 
Where 

HP1  = total  compressor  horsepower 

HP2  = total  cooling  tower  fan  horsepower 

HP3  = total  condenser  water  pump  horsepower 

L = load  factor,  0.8 

KW/HP  = 0.746 

M = number  of  months  per  year  system  operates 

FUNCTION:  CONDENSER  WATER  RESET,  #13 

Costs:  Temperature  indication  2@  $300.  = $ 600. 

Reset  controller  1@  $650.  = $ 650. 

Differential  pressure  switch  status  1@  $300.  = $ 300. 

$1550. 


Savings: 

Approximately  1.5%  efficiency  increase  may  be  obtained  by 
decreasing  the  average  condenser  water  temperature  1°F.  Assume 
the  EMCS  is  capable  of  obtaining  an  average  decrease  of  3°F. 
in  condenser  water  temperature,  thus  a resultant  savings  of  4.5%  of 
compressor  energy  should  be  realized.  To  approximate  these 
savings,  assume  a loading  of  1000  equivalent  full  load  hours. 

Also  assume  an  average  consumption  of  1 KWH/ton-hour . 

Savings  resulting  are; 

S = T X 1000  hrs.  X 1 KWH/ton-hr  x 0.045 
Where 

T = chiller  capacity,  tons 
FUNCTION:  START/STOP  OPTIMIZATION,  #16 

Costs:  Same  as  TIME  SCHEDULED  OPERATION  = $450. 

Savings: 

Assume  saving  1/2  hour  of  condenser  water  pump  operation  per  day 
of  operation: 

S = HP  X L X KW/HP  X 0.5  X 0 
Where 

HP  = pump  motor  horsepower 
L = load  factor,  0.8 
KW/HP  = 0.746 
0 = days  of  operation 


SYSTEM:  DX  UNIT,  WATER  COOLED 
Schematic  #S-16 

FUNCTION:  MAINTENANCE  RUN  TIME  REPORTS,  #23 


Costs:  Differential  pressure  switch  status 
Savings: 

Same  as  this  function  on  schematic  S-1 
S = 2 man-hours 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Differential  pressure  switch  status 
Temperature  indication 
Alarm  contact  points 


Savings: 

Same  as  this  function  on  schematic  S-1 
S = 2 man-hours 

FUNCTION;  SAFETY  ALARMS,  #26 
Costs:  Alarm  contact  point 
Savings: 

Same  as  this  function  on  schematic  S-1 


1@  $300.  = $300, 


10  $300.  = $ 300. 
20  $300.  = $ 600. 
40  $250.  = $1000. 

$1900. 


10  $250.  = $250. 


S = 2 man-hours 


1 


2.3.17  SYSTEM:  STEAM  CONVECTOR  HEATING  SYSTEM 
Schematic  #S-17 


FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Temperature  Indication 

Control  interruption  interface 


10  $300.  = $300. 
10  $450.  = $450. 

$750. 


Savings: 

Use  ECUBE  to  simulate  night  setback  operation.  Assume  a 
winter  setback  temperature  reduction  of  15°F. 


2.3.18  SYSTEM:  HOT  WATER  CIRCUIT 
Schematic  #S-18 

FUNCTION:  SPACE  NIGHT  SETBACK,  #9 

Costs:  Temperature  Indication  1®  $300.  = $300. 

Control  Interrupt  Interface  1®  $450.  = $450. 

$750. 


Savings; 

Utilize  ECUBE  to  simulate  night  setback  operation.  Assume  a 
winter  setback  temperature  reduction  of  15®F. 

FUNCTION:  TROUBLE  DIAGNOSIS,  #24 

Costs:  Temperature  Indication  3®  $300.  = $ 900. 

Savings: 

Assume  same  as  savings  for  this  function  on  schematic  S-1 : 

S = 2 man-hours 
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2.3.19  SYSTEM:  HTW-TO-HW  CONVERTOR 
Schematic  #S-19 


FUNCTION;  O.A.  SCHEDULE  RESET,  #14 


Costs:  Temperature  Indication 
Controller  Reset 


10  $300.  = $ 300. 
10  $650.  = $ 650. 

$ 950. 


Savings:  4,1.  • * 

Savings  are  estimated  in  the  same  manner  described  for  this  tunc 
tion  on  schematic  S-1.  Since  there  are  no  flue  losses,  however, 
decrease  in  annual  energy  consumption  of  1%  will  be  assumed. 


S = H X 0.01  X I 
Where 

H = annual  number  of  hours  that  convertor  is  activated 
I = maximum  heat  transfer  capacity  of  convertor,  MBH 


FUNCTION:  TROUBLE  DIAGNOSIS,  #24 
Costs:  Temperature  Indication 


20  $300.  = $600. 


Savings;  ■ ^ t 

Assume  same  as  savings  for  this  function  on  schematic  S-l . 

S = 2 man-hours 
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2.4  SURVEY  AND  CALCULATION  FORMS 
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SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-1;  Hot  Water  Boiler 

Building  Number:^ Building  System: 

Operation  Schedule:  Fuel:  — 

Peak  Output  Capacity:  MBH  Input  at  Peak  Output: 

H.W.  Pump  HP:  HP  Annual  Hours  of  Operation: 

Controls  — — — 

NOTES: — 


MBH 


EMCS  Function 


#14,  O. A. Schedule  Reset 


Savings 

Tot.  $ KW  KWH  THERMS  MH 


#23,  Maint.  Run  Time  Reports  $. 

#24,  Trouble  Diagnosis  $. 

#26,  Safety  Alarms  $, 
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SURVEY  AND  CALCULATION  FORM 


ng^^—y****  » — -Try 


S-2,  DX  Unit,  Air  Cooled 


Building  System: 


Ton; 
_ HP 
HF 


System  Schematic: 

Building  Number: 

Total  System  Capacity: 

Total  Compressor  Motor  Nameplate  HP: 
Total  Condenser  Fan  Motor  Nameplate  HP: 
Operation  Schedule: 

Controls: 

NOTES: 

EMCS  Function 

#1 , Time  Scheduled  Operation 

#2,  Duty  Cycling 

#3,  Demand  Limiting  Start/Stop 


#16,  Start/Stop  Optimization 
#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 
#26,  Safety  Alarms 


Savings 

Tot.  $ KW  KWH  THERMS  MH 

$ 

$ 

$ 


$ 


SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-3,  Single  Zone  Air  Handler 

Building  Number: Building  System: 

Supply  CFM:  


Supply  Fan  HP: 


Return  Fan  HP: 


Economizer  Status: 
Min.  O.A.  CFM: 


Occupancy  Schedule: 


Critical  Areas/Equipment: 

Controls:  

NOTES: 


EMCS  Function 


Time  Clock  Control: 


Savings 

Tot.  $ KW  KWH  THERMS  MH 


#1,  Time  Scheduled  Operation  $ 


#2,  Duty  Cycling 


#3,  Demand  Limiting  Start/Stop  $_ 


#8,  Enthalpy  Economizer 


H9,  Space  Night  Setback 


#16,  Start/Stop  Optimization  $_ 


#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 


$ 
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SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-4,  Terminal  Reheat  Air  Handler 
Building  Number: Building  System: 


Occupancy  Schedule: No.  Reheat  Zones: 

Supply  CFM;  Supply  Fan  HP:  Return  Fan  HP; 


Min.  O.A.  CFM: 


Time  Clock  Control: 


Economizer  Status: 


Design  Cooling  Coil  LVG  Temp: 


Cooling  Coil  Capacity: 
NOTES: 


MBH  Total  Reheat  Coil  Capacity:  _ 


EMCS  Function 


#1 , Time  Scheduled  Operation 


Savings 
Tot.  $ KW 

$ 


MB! 


KWH  THERMS  MH 


#2,  Duty  Cycling 


#3,  Demand  Limiting  Start/Stop  $_ 


#8,  Enthalpy  Economizer 


#9,  Space  Night  Set  Back 


#11,  Reheat  Coil  Reset 


#16,  Start/Stop  Optimization  $ 


#23,  Maint.  Run  Time  Reports  $_ 

#24,  Trouble  Diagnosis  $_ 


2-67 


SURVEY  AND  CALCULATION  FORM 


f 

[ 

[ 


[ 

i 

f 

I 

I 


I 

1 


L 


System  Schematic:  S-5;  Chiller  - Air  Cooled 

Building  Number: Building  System: 

Total  System  Capacity: 

Total  Compressor  Motor  Nameplate  HP:  

Total  Condenser  Fan  Motor  Nameplate  HP:  

Chilled  Water  Pump  HP:  

Operation  Schedule:  

Existing  Time  Clock  Control:  

Controls:  

NOTES: 


Tons 

HP 

HP 

HP 


EMCS  Function 


#1,  Time  Scheduled  Operations 


Savings 

Tot.  $ KW 

$ 


KWH  THERMS  MH 


#2,  Duty  Cycling 


#3,  Demand  Limiting  Start/Stop  $ 

#12,  Chilled  Water  Reset  $ 

#16,  Start/Stop  Optimization  $ 

#23,  Maint.  Run  Time  Reports  $ 

#24,  Trouble  Diagnosis  $ 

#26,  Safety  Alarms  $ 
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I 


! 


i 


SURVEY  AND  CALCUIATION  FORM 


System  Schematic:  S-6,  Multizone  Air  Handler 

Building  Number: Building  System: 

Occupancy  Schedule:_ 

Number  Zones: 

Supply  CFM:  

Min.  O.A.  CFM:  

Cooling  Coil  Capacity: 

Heating  Coil  Capacity: 

NOTES:  

EMCS  Function  Savings 

Tot.  $ KW  KWH  THERMS  MH 
#1,  Time  Scheduled  Operation  

#2,  Duty  Cycling  


Supply  Fan  HP:  Return  Fan  HP:  

Time  Clock  Control:  

MBH,  Design  Cooling  Coil  LVG.  Temp: 

MBH,  Design  Heating  Coil  LVG.  Temp: 


#3,  Demand  Limiting  Start/Stop 


#8,  Enthalpy  Economizer 


#9,  Space  Night  Setback 
#10,  Hot/Cold  Deck  Reset 


#16,  Start/Stop  Optimization 


#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Designosis 


SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-7,  Single  Zone  Split  System 


Building  Number: 


Building  System: 


Supply  CFM: 


Supply  Fan  HP: 


Return  Fan  HP: 


Economizer  Status 


Min.  O.A.  CFM: 


Time  Clock  Control: 


Total  Compressor  HP; 


Total  Condenser  Fan  HP: 


Occupancy  Schedule:  

Critical  Areas/Equipment: 


Controls; 


NOTES: 


EMCS  Function 


Savings 


Tot.  $ KW  KWH  THERMS  MH 


#1,  Time  Scheduled  Operation 


r 


L 


SURVEY  AND  CALCULATION  FORM 


System  Schematic;  S-8,  Chiller  - Water  Cooled 

Building  Number: Building  System; 


Total  System  Capacity: 


Tons,  Time  Clock  Control: 


Total  Compressor  Motor  Nameplate  HP; 


Total  Cooling  Tower  Fan  Motor  Nameplate  HP:  

Chiller  Water  Pump  HP:  HP,  Condenser  Water  Pump  HP: 

Operation  Schedule;  

Controls: 


HP 

HP 

HP 


NOTES: 


EMCS  Function 


Savings 
Tot.  $ KW 


KWH  THERMS  MH 


#1 , Time  Scheduled  Operation 


#2,  Duty  Cycling 


#3,  Demand  Limiting  Start/Stop 


#12,  Chilled  Water  Reset 


#13,  Cond.  Water  Reset 


#16,  Start/Stop  Optimization 


#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 
#26,  Safety  Alarms 


2-71 


J 


SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-9,  Heating  & Ventilating  Unit 

Building  Number: Building  System. 

Supply  CFM: Supply  Fan  HP:  Return  Fan  HP: 

Min.  O.A.  CFM: Time  Clock  Control:  

Occupancy  Schedule: 

Critical  Areas/Equipment: 

Controls:  

NOTES:__ 

EMCS  Function  Savings 

Tot.  $ KW  KWH  THERMS 

#1,  Time  Scheduled  Operation  


#2,  Duty  Cycling 


#3,  Demand  Limiting  Start/Stop 


#9,  Space  Night  Setback 


#16,  Start/Stop  Optimization 


#23,  Maint.  Run  Tim  Reports 
#24,  Trouble  Diagnosis 


i 

SURVEY  AND  CACLULATION  FORM 

i 

System  Schematic:  S-lO,  Convector 

Heating  System 

Buildina  Number: 

Buildina  System: 

1 

Zone  Heatinq  Pump  HP: 

Total  Heatinq  Capacity 

MB 

1 

if 

Occuoancv  Schedule: 

Controls: 

NOTES: 

h 

EMCS  Function 

Savings 

#9,  Space  Night  Setback 

Tot.  $ KW  KWH  THERMS 

MH 

SURVEY  AND  CALCULATION  FORM 


SYSTEM/FUNCTION/SAVINGS  ANALYSIS 
System  Schematic:  S-12,  Two  Pipe  Fan  Coil  Systems 

Building  Number: Building  System:__ 

Dual  Temperature  Pump  HP:  HP  Time  Clock  Control:  

Operation  Schedule: ______ 

Controls:  

NOTES:  

EMCS  Function  Savings 

Tot.  $ KW  KWH  THERMS  MH 
, Time  Schedule  Operation  


Duty  Cycling 


#3,  Demand  Limiting  Start/Stop 


#9,  Space  Night  Setback 


#16,  Start/Stop  Optimization 


#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 


SURVEY  AND  CALCULATION  FORM 


System  Schematic;  S-14,  Steam  Boiler 

Building  Number: Building  System; 

Fuel:  

Peak  Output  Capacity;  MBH  Input  at  Peak  Output:  MBH 

Operation  Schedule: 

Controls:  

NOTES:  

EMCS  Function  Savings 

Tot.  $ KW  KWH  THERMS  MH 

#24,  Trouble  Diagnosis  

#26,  Safety  Alarm  


SURVEY  AND  CALCULATION  FORM 


System  Schematic;  S-tS,  Direct  Fired  Furnace 

Building  Number: Building  System: 

Supply  CFM;  Supply  Fan  HP:  Return  Fan  HP;  

Min.  O.A.  CFM; Time  Clock  Control; 

Peak  Output  Capacity  MBH:  MBH  Input  at  Peak  Output:  

Occupancy  Schedule: 

Hours  of  Operation; 

Critical  Areas/Equipment:  

Controls: ; 

NOTES:  

EMCS  Function  Savings 

Tot.  $ KW  KWH  THERMS  MH 

#1,  Time  Schedule  Operation  


#9,  Space  Night  Setback 


#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 


SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-16;  DX  Unit,  Water  Cooled 


Building  Number: 

Total  System  Capacity: 


Building  System: 

Tons;  Time  Clock  Control: 


Total  Compressor  Motor  Nameplate  HP:  

Total  Cooling  Tower  Fan  Motor  Nameplate  HP: 

Condenser  Water  Pump  HP:  

Occupancy  Schedule:  


NOTES: 


EMCS  Function 


Savings 


Tot.  $ KW  KWH  THERMS  MH 


#1 , Time  Scheduled  Operation 


#3,  Demand  Limiting  Start/Stop 


#13,  Cond.  Water  Reset 


#16,  Start/Stop  Optimization 


#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 
#26,  Safety  Alarms 
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SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-17,  Steam  Converter  Heating  System 

Building  Number: Building  System: 

Total  Heating  Capacity:  MBH 

Operation  Schedule: 

Occupied  Hours:  

Controls:  

NOTES:  

EMCS  Function 


#9,  Night  Setback 


Savings 

Tot.  $ KW  KWH  THERMS  MH 


I 

1 


I 


I 
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SURVEY  AND  CALCULATION  FORM 


System  Schematic:  S-18,  Hot  Water  Circuit 
Building  Number:^ 


Building  System: 


Total  Heating  Capacity: 
Occupancy  Schedule:  


Controls : 


NOTES: 


EMCS  Function 


#9,  Space  Night  Setback 


Savings 


Tot.  $ KW  KWH  THERMS  MH 


SURVEY  AND  CALCULATION  FORM 


System  Schematic;  S-19,  HTW-TO-HW  Converter 

Building  Number: Building  System; 


Annual  Hours  of  Convertor  Operation: 

Maximum  Heat  Trans.  Capacity:  

Operation  Schedule; 

Controls ; 


Original  Fuel  Source; 


MBH 


NOTES: 


EMCS  Function 


#14,  O.A.  Schedule  Reset 


Savings 
Tot.  $ KW 


KWH  THERMS  MH 


#24,  Trouble  Diagnosis 
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3.0  DESIGN  ANALYSIS  PROCEDURE:  STEP  BY  STEP  EXAMPLES 


3.1  INTRODUCTION 

The  purpose  of  Section  3 of  the  AIR  FORCE  EMCS  APPLICATION 
STUDY  is  to  provide  a step  by  step  guide  for  use  of  the  analysis 
procedure  developed  as  a part  of  this  study.  Explanation  of  the  rea- 
soning behind  the  process  described  in  this  section  is  contained  in 
Sections  1 and  2 of  this  report.  Some  of  these  steps  have  been  com- 
puterized, in  addition  to  the  manual  approach  described  here.  These 
steps  are  noted  and  the  documentation  on  the  use  of  these  programs, 
along  with  example  problem  and  program  listings,  are  included  in  Volume 
1 1 of  this  report. 

In  order  to  provide  step  by  step  instructions  in  the  use  of  the  EMCS 
analysis  procedure,  each  major  step  in  the  process  is  described  in  a 
section  in  this  volume.  Along  with  the  step  by  step  description,  the 
application  of  each  of  those  steps  to  a hypothetical  Air  Force  Base  is 
included  in  each  section. 

This  procedure  has  been  prepared  for  use  by  professional  engineering 
personnel.  It  is  not  possible  to  describe  completely  all  activities  invol- 
ved in  an  engineering  design  process.  For  this  reason,  this  section  is 
meant  only  to  be  used  as  a framework  for  EMCS  analysis.  Every  mili- 
tary base  is  different,  and  parts  of  the  process  described  herein  must 
be  adapted,  added  to,  or  ignored  as  the  situation  requires.  The  judge- 
ment required  to  make  these  decisions  requires  a mechanical  and  elec- 
trical engineering  design  team  fully  familiar  with  the  mechanical  and 
electrical  systems  an  EMCS  is  to  control  and  how  that  control  is  to  be 
accomplished. 


L 
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3.2  METHODOLOGY  OVERVIEW 


1 


I 


The  steps  described  in  this  volume  have  a single  purpose.  That  is  to 
determine  the  best  EMCS  configuration  for  a particular  Air  Force  Base. 
To  accomplish  this,  the  following  major  steps  are  required: 

1.  Scope  Determination 

2.  Field  Investigation 

3.  Analysis  Preliminaries 

4.  Savings  Estimation 

5.  Cost  Estimate/Ranking  Process 

6.  Transmission  System  Configuration 

7.  Central  System  Configuration 

8.  Prioritization  Analysis 

9.  Final  EMCS  Configuration 

Scopt  determination  consists  of  the  gathering  of  initial  data  on  the 
propose  ''S  project.  The  primary  result  of  this  effort  is  a list  of 
buildings  lacilities  to  be  considered  for  EMCS  connection  which 

must  be  Visited  during  the  field  investigation. 

Field  Investigation  is  visiting  the  site  to  determine  what  systems  are 
present  in  the  buildings  being  considered  for  EMCS  connection.  The 
operation  of  each  system  and  the  building  it  serves  must  be  determined 
in  sufficient  detail  to  determine  which  EMCS  functions  may  be  applicable 
to  each  system. 


I 


> 


f 


I 

i 
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Analysis  Preliminaries  include  preparatory  activities  necessary  to 
perform  the  savings  and  cost  analysis  on  each  system/function  consider- 
ed for  EMCS  connection.  These  activities  include  gathering  of  unit  cost 
estimating  data  to  be  used,  determining  and  summarizing  the  procedure 
to  be  used  in  savings  analysis  of  each  system/function,  determining 
current  unit  energy  costs,  preparing  or  adapting  schematics  for  sys- 
tems found  during  field  investigation,  etc. 

The  Savings  Estimation  effort  is  the  system  by  system  selection  of 
applicable  EMCS  functions  and  the  estimation  of  savings  which  would 
result  from  the  application  of  each  of  those  functions. 

The  Cost  Estimate/Ranking  Process  is  the  system  by  system  analysis 
whereby  each  function  is  economically  ranked  according  to  its  payback 
period  while  taking  into  account  the  "field  hardware  duplicity"  concept 
described  in  Section  1.5  of  this  report. 

Transmission  System  Configuration  is  the  conceptual  design  of  the 
EMCS  data  transmission  network  and  the  estimation  of  the  costs  assoc- 
iated with  each  element  of  that  network. 

Central  System  Configuration  is  the  conceptual  design  of  the  central 
EMCS  equipment  and  software  and  its  cost  estimation.  In  addition, 
related  items  such  as  EMCS  operator  costs,  maintenance  costs,  and 
training  costs  are  included  in  the  investigation  of  this  area. 

The  Prioritization  Analysis  is  the  final  ranking  of  EMCS  system  func- 
tions on  a base-wide  basis.  This  analysis  takes  into  account  the  "geo- 
graphy cost"  aspects  of  the  EMCS  data  transmission  network  as  des- 
cribed in  Section  1.5  of  this  report.  The  end  result  of  the  Prioritiz- 
ation Analysis  is  a list  of  all  system/functions  considered  for  EMCS 
connection  in  order,  from  best  to  worst,  based  on  providing  the  most 
savings  for  the  least  investment. 

The  Final  EMCS  Configuration  process  uses  the  results  of  the  prior- 
itization analysis  to  accomplish  one  of  two  possible  purposes.  One 


possible  purpose  is  the  determination  of  an  appropriate  EMCS  budget 
for  the  Air  Force  Base  being  analyzed.  The  other  possible  purpose  is 
determination  of  the  best  EMCS  configuration  for  a base  with  an  estab- 
lished budget.  In  either  case,  a final  proposed  list  of  the  systems  to 
be  connected  to  the  EMCS,  the  functions  to  be  performed  on  those 
systems,  and  the  EMCS  field  sensors/controllers  required  to  perform 
those  functions  must  be  prepared.  This  list  is  then  used  in  the  final 
EMCS  contract  document  preparation  process  where  it  must  be  fully 
field  verified. 
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3.3  EXAMPLE  PROBLEM  DESCRIPTION 


To  illustrate  the  step  by  step  EMCS  analysis  description  included  in 
this  volume,  an  example  of  the  application  of  each  step  has  been  includ- 
ed. Instead  of  independent  isolated  examples,  the  approach  taken  has 
been  to  perform  the  complete  analysis  on  a single  example  problem. 
The  example  problem  chosen  is  a hypothetical  five  building  Air  Force 
Base.  The  five  buildings  and  the  systems  serving  those  buildings  have 
been  chosen  as  typical  of  the  type  found  on  many  Air  Force  Bases. 
This  approach  for  a step  by  step  explanation  was  chosen  so  that  the 
principles  of  each  step  can  be  clearly  explained  and  illustrated  without 
being  confused  by  the  complexity  and  sheer  volume  of  an  analysis  of  an 
actual  Air  Force  Base  (from  10  to  100  times  the  complexity  of  this  simple 
five  building  example). 


The  buildings  which  comprise  the  hypothetical  Air  Force  Base  (call  it 
John  Doe  Air  Force  Base)  and  the  systems  within  each  building  are 
listed  below: 


BUILDING  NUMBER: 
USAGE: 

SYSTEMS: 


100 

BASE  CIVIL  ENGINEERING 
Hot  Water  Boiler 
Air  Cooled  Chiller 
Multizone  Air  Handler 


BUILDING  NUMBER: 
USAGE: 

SYSTEMS: 


200 

SQUADRON  OPERATIONS 
Steam  Boiler 

Single  Zone  Split  System 


BUILDING  NUMBER: 
USAGE: 

SYSTEMS: 


300 

BASE  HEADQUARTERS 
2 Hot  Water  Boilers 
Air  Cooled  Chiller 
Single  Zone  Air  Handler 
2 Multizone  Air  Handlers 
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BUILDING  NUMBER: 
USAGE: 

SYSTEMS: 


400 

WAREHOUSE 

Steam  Unit  Heater  System 
Steam  Boiler 


BUILDING  NUMBER:  500 

USAGE:  WING  HEADQUARTERS 

SYSTEMS:  Hot  Water  Boiler 

Single  Zone  Split  System 


A map  of  John  Doe  Air  Force  Base  is  included  on  Figure  4. 


Criteria  for  this  example  analysis  will  be  assumed  to  require  con- 
tractor furnished  data  transmission  cable.  This  approach  is  taken  to 
illustrate  the  analysis  technique.  If  the  data  transmission  system  is 
assumed  to  be  government  furnished  telephone  lines,  the  analysis  is 
considerably  simplified,  however,  this  would  not  fully  demonstrate  the 
analysis  principles  being  used. 


Another  criterion  used  will  be  the  assumption  that  the  purpose  of  the 
EMCS  is  to  provide  monetary  savings  through  control  of  energy  con- 
suming equipment.  This  is  consistent  with  current  policy.  Performing 
the  analysis  to  optimize  energy  savings  is  very  simple  if  that  were 
given  as  the  desired  end.  That  approach  only  requires  the  changing  of 
conversion  constants  from  $/KWH  and  $/THERM  to  BTU/KWH  and  BTU/ 
THERM.  Since  dollar  savings  is  the  current  primary  criterion,  that 
approach  will  be  used  in  the  example  problem. 


1 


I 

1 

j 

i 
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JOHN  DOE  Air?  FOr?CE  BASE 


3.4  SCOPE  DETERMINATION 


Scope  Determination  consists  of  the  gathering  of  initial  data  on  the 
proposed  EMCS  project.  The  primary  result  of  this  effort  is  a list  of 
buildings  and  facilities  to  be  considered  for  EMCS  connection  which 
must  be  visited  during  the  field  investigation. 

Several  items  must  be  obtained  at  the  initiation  of  an  EMCS  project. 
These  vary,  depending  on  the  particular  project,  but  a few  of  the 
normally  requested  items  are: 

1 . Base  map  showing  facility  numbers  and  general  layout  of 
Base. 

2.  Utility  maps  showing  Base  electrical  distribution,  water, 
sewer,  and  communications  systems. 

3.  Computerized  facility  listings  (USAF  REAL  PROPERTY  INVEN- 
TORY DETAIL  LIST)  indicating: 

a.  Facility  ID  Number 

b.  Facility  Name/Description 

c.  Facility  floor  area,  square  feet 

d.  Air  conditioning  equipment  type  and  capacity  in  each 
facility 

e.  Heating  equipment  type  and  capacity  in  each  facility. 

f.  Other  energy  consuming  equipment  type  and  size  (com- 

pressors, etc.)  in  each  facility 

4.  Utility  cost  data  including  rate  structures  or  current  prices, 
and  copies  of  billings  over  the  last  year.  Estimated  local 
escalation  rates  should  be  provided  if  available. 
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5.  Information  from  the  Base  Communications  Office  on  the  qual- 
ity, availability,  and  cost  of  utilizing  Base  telephone  lines  for 
data  transmission. 

6.  Shop  drawings,  specifications,  or  other  information  on  any 
existing  EMCS  or  similar  central  control  systems. 

7.  Information  on  any  past,  current,  or  future  energy  conser- 
vation projects  such  as  control  upgrades,  insulation  projects, 
etc. 

8.  Plans  for  future  additions  to  buildings  or  new  buildings  which 
might  be  connected  to  or  affect  the  EMCS.  Also,  plans  for 
demolition  of  existing  buildings. 

9.  Listings  of  critical  facilities  which  should  be  connected  to  the 
EMCS  for  monitoring  purposes  (computer  rooms,  flight  simu- 
lators, etc.). 


After  the  initial  data  are  obtained,  the  buildings  to  be  considered  for  | 

EMCS  connection  may  be  determined.  This  selection  may  be  based  on  j 

sizes  of  building,  air  conditioning  tonnage,  heating  system  capacity,  or  ! 

■ any  other  criteria  related  to  energy  consumption.  Base  engineering  | 

personnel  must  be  closely  involved  in  this  process  because  they  may 
know  facts  not  included  on  Base  maps  or  computer  printouts  which  are 
relevant  to  whether  or  not  a building  should  be  considered  for  EMCS 
connection. 

[ ; 

3.4.1  SUMMARY  OF  STEPS: 


1..  Obtain  data  items  listed  in  3.4. 

2.  Set  selection  criteria  (building  arec,  air  conditioning  tonnage, 
etc . ) . 
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w 


3. 


Produce  initial  list  of  buildings  to  consider. 


4.  Coordinate  and  check  initial  list  with  Base  Civil  Engineering 
personnel . 

5.  Produce  final  list  of  buildings  to  consider. 

3.4.2  EXAMPLE: 

Because  John  Doe  Air  Force  Base  is  a hypothetical  case,  the  require- 
ments of  scope  determination  are  satisfied  by  default.  An  example  of  a 
common  computerized  facility  list  is  included  as  Figure  5 for  reference 
purposes.  The  final  building  list  for  John  Doe  Air  Force  Base  is  in- 
cluded as  Figure  6. 


i 


i 

( 

i 


1 
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JOHN  DOE  BUILDING  LIST  CONSIDERED  FOR  EMCS 


Bldg  # 

Building  Name 

Area 

Tons 

NIBH 

loo 

BASE  CIVIL  ENGINEERING 

14000 

40 

750 

200 

SQUADRON  OPERATIONS 

7000 

20 

500 

300 

BASE  HEADQUARTERS 

51000 

160 

3000 

400 

WAREHOUSE 

70000 

- 

3000 

500 

WING  HEADQUARTERS 

13000 

40 

600 

FIGURE  6 - FINAL  BUILDING  LIST  FOR  JOHN  DOE  A.F.B. 


3.5  FIELD  INVESTIGATION 

Field  Investigation  is  visiting  the  site  to  determine  what  systems  are 
present  in  the  buildings  being  considered  for  EMCS  connection.  The 
operation  of  each  system  and  the  building  it  serves  must  be  determined 
in  sufficient  detail  to  determine  which  EMCS  functions  may  be  applicable 
to  each  system. 

Once  the  scope  determination  phase  has  produced  a list  of  the  build- 
ings to  be  investigated,  additional  information  must  be  obtained  before 
actual  building  by  building  surveying  begins.  The  desired  data  consist 


1.  "As-built"  mechanical,  electrical  and  control  drawings  of  each 
building  being  considered  for  connection  to  the  EMCS. 


2.  Schedules  of  occupancy  and  usage  for  people,  lights,  and 
equipment  for  each  building. 

3.  Any  available  small  scale  plans  of  buildings  on  the  list  for 
consideratioi  i . 

The  "as-built"  mechanical  drawings  are  a necessity  for  the  efficient 
use  of  field  survey  time.  Without  them,  much  time  may  be  wasted  in 
trying  to  track  down  every  mechanical  room  in  a building,  particularly 
if  the  building  is  large  and  has  been  extensively  remodeled.  Because 
of  the  large  number  of  systems  and  drawings  on  a military  base,  ob- 
taining the  required  prints  can  be  a problem.  In  general,  if  base 
personnel  are  simply  asked  to  provide  copies  of  all  mechanical  and 
electrical  drawings  for  the  buildings  on  the  list,  difficulties  occur. 
Fulfilling  such  a request  will  require  500  to  2000  prints.  Base  Civil 
Engineering  records  departments  are  not  usually  equipped  to  handle 
such  a load  in  the  time  frame  needed.  Also,  many  of  the  drawings 
which  would  be  provided  by  such  a request  are  not  needed  for  the 
EMCS  design  analysis.  The  best  solution  to  this  problem  is  for  the 
EMCS  design  engineer  to  review  the  tracing  files  for  the  buildings  in 


i 
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question.  Only  those  tracings  which  are  absolutely  necessary  for  use 
in  the  EMCS  field  investigation  should  be  selected  for  printing.  What- 
ever approach  is  to  be  utilized,  it  must  be  clearly  defined  before  the 
project  is  initiated  and  dates  established  by  which  drawings  must  be 
provided . 

To  perform  detailed  analysis  of  a proposed  EMCS,  schedules  of  occu- 
pancy and  usage  for  people  and  equipment  in  the  buildings  being  con- 
sidered must  be  obtained.  On  some  bases  this  information  has  been 
gathered  for  use  in  other  projects  and  may  be  available  through  the 
Base  Civil  Engineering  Office.  If  not,  it  must  be  obtained.  Several 
approaches  may  be  used,  including  a telephone  survey  of  custodians  of 
each  building,  written  memos  to  the  users  of  each  building,  discussion 
with  base  maintenance  personnel,  or  visits  to  each  building  to  discuss 
schedules  with  the  occupants. 

On  some  bases,  small  scale  plans  of  buildings  may  be  available. 
These  have  usually  been  prepared  for  use  in  planning,  office  alloc- 
ations, fire  escape  routes,  or  other  purposes.  These  drawings  are 
generally  on  8-1/2"  xll"  sheets  at  whatever  scale  is  necessary  to  depict 
floor  plans  of  the  building.  These  drawings  are  extremely  useful  in  the 
building  by  building  survey  for  the  identification  and  location  of  sys- 
tems. If  these  are  not  available,  full  scale  drawings  are  not  as  conven- 
ient for  the  field  investigation  but  they  can  be  used. 

Once  drawings  are  obtained,  they  are  used  to  plan  the  survey  work 
to  be  done  during  each  site  visit.  Much  time  can  be  wasted  without  a 
definite  plan  of  items  to  be  accomplished  during  each  day  of  the  field 
investigation  and  adequate  preparations  to  meet  planned  requirements. 

The  purpose  of  the  field  investigation  is  to  determine  which  systems 
are  to  be  considered  for  EMCS  connection  and  to  gather  enough  inform- 
ation on  each  system  to  allow  analysis  of  that  system.  Once  the  design 
analysis  is  completed  and  the  systems  to  be  connected  to  the  EMCS  are 
identified,  a detailed  field  inspection  of  each  of  those  systems  must  be 
performed  in  the  final  design  stage.  This  detailed  survey  must  closely 
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examine  each  system  for  sensor  location,  existing  controls  condition, 
EMCS  interface  to  local  controls,  damper  actions,  etc.  However,  the 
field  investigation  required  to  perform  the  basic  design  analysis  des- . 
cribed  in  this  report  does  not  require  this  detailed  hardware  inspection. 
The  field  work  for  the  design  analysis  stage  of  the  project  is  primarily 
concerned  with  identifying  the  type  of  system  in  question,  its  current 
operating  hours,  its  required  operating  hours,  the  horsepowers  of 
motors  in  the  system,  and  other  data  required  for  the  analysis  of 
savings  which  would  result  from  EMCS  control  of  that  system. 


I 


1 


i 

) 


The  most  efficient  approach  to  the  field  investigation  itself  has  been 
found  to  be  the  gathering  of  as  much  data  as  possible  from  drawings  of 
each  building  and  using  the  site  survey  to  verify  the  data  obtained 
from  the  drawings.  One  important  aspect  of  this  approach  is  the  devel- 
opment of  standard  survey  data  sheets.  These  sheets  provide  a basis 
for  the  data  gathering  and  should  include  blanks  for  all  data  pertinent 
to  the  analysis.  The  data  sheets  developed  during  this  study  include  a 
master  sheet  for  each  building  and  additional  sheets  for  each  system 
within  that  building.  The  additional  sheets  are  specially  adapted  for 
each  system  type  and  examples  are  included  for  each  system  in  Section 
2 of  this  report.  The  system  data  sheets  also  contain  space  to  calculate 
savings  resulting  from  that  system,  once  all  the  data  have  been  gather- 
ed. Each  engineer  has  a different  approach  to  the  survey  data  record- 
ing problem  and  whether  one  uses  a separate  form  for  each  system 
type,  a single  standard  form,  a tabular  approach,  or  some  other  method 
is  not  important  as  long  as  the  data  are  recorded  and  easily  referred 


to. 

3.5.1  SUMMARY  OF  STEPS: 


1 . Obtain  needed  "as  built"  mechanical  and  electrical  drawings 
of  buildings  to  be  investigated. 

2.  Obtain  schedules  of  occupancy  and  usage  for  each  building. 

I 
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3.  Obtain  small  scale  floor  plans  of  each  building,  if  available. 

4.  Plan  field  work. 

5.  Obtain  as  much  information  as  possible  from  drawings  before 
site  visits. 

6.  Make  site  survey  to  confirm  data  shown  on  drawings,  locate 
systems  for  which  drawings  are  unavailable,  and  gather 
additional  data  required  for  the  analysis  of  EMCS  savings  for 
each  system. 

7.  Compile  site  survey  data  in  common  format  for  use  in  subse- 
quent calculations  and  analysis. 

3.5.2  EXAMPLE: 

John  Q.  Engineer  at  John  Doe  Air  Force  Base  was  quite  helpful  in 
obtaining  the  information  required  for  the  field  investigation.  The 
survey  data  forms  for  the  five  buildings  being  considered  for  EMCS 
connection  are  included  as  Figures  7 through  21. 


SYSTEN/FUNCTION/ SAVINGS  ANALYSIS 

Building  Number:_  lOO  System  Schematic:  S-1,  Hot  Water  Boiler 

Building  System: !_ 

Operation  Schedule:  Fuel : A/ 


Building  System: 


Operation  Schedule: 


Peak  Output  Capacity: 
H.W.  Pump  HP: 
Controls: 


yso  MBH  Input  at  Peak  Output:  /OOP  _MBH 

CCT-AfifIt  * 

HP  Annual  Hours  of  Operation:^ ^040 


NOTES: 


EMCS  Function 


#14,  0. A. Schedule  Reset 


Tot.  $ KW  KWH  THERMS 


#23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 
#26,  Safety  Alarms 


FIGURE  7 - SURVEY  DATA  FORMS 


112,  Duty  Cycling 

113,  Demand  Limiting  Start/Stop 

1112,  Chilled  Water  Reset 

1116,  Start/Stop  Optimization 

1123,  Maint,  Run 'Time  Reports 
//24,  Trouble  Diagnosis 
1126,  Safety  Alarms 


FIGURE  8 - SURVEY  DATA  FORMS 


SY?:Ti:M/ru!.'rnon/::AV7nr:r,  ArMi.yr.is 

Cullcllng  ...iQQ Syntcin  Sclicmatic:  S-f),  Hii7 1 iy.oiic  Air  ll.inilUT 

Biillcllrn;  System: 2 Occupancy  Schedule:  l^30 

Number  Zones: 

I • 

Supply  CFM:  GOO  Supply  Kan  IIP:  l6)  Return  Fan  HP:  O 

Min.  O.A.  CIX:  Ido  OOP Time  Clock  Control:  _kl£ 

CoolliiE  Coll  Capacity:  MBIl,  Dcsicn  Coolinc  Coll  LVC.  Temp: 

Heating  Coll  Capacity:  300  MBH,  Design  Heating  Coil  LVC.  Temo:  6g> 

notks:  gflti.eg  qr  cuiujep.  euuf  off^iAjaeu  ort4ef^  cKi,  Aic.  iiMir  ePPOATf^  Lt^e 

EHCS  Function  Savings 

KW  KWH  THERMS  MH 

___  ll.  Time  Scheduled  Operation  


#2,  Duty  Cycling 


#3.  Demand  Limiting  Start/Stop 


t8.  Enthalpy  Economizer 


#9,  Space  Night  Setback 


^10,  Hot/Cold  Dock  Reset 


fl6,  Start /St op  Optimization 


C23|  Malnl.  Run  Time  Reports 
Trouble  Dla>',uc>MlM 


FIGURE  9 - SURVEY  DATA  FORMS 


Building  Number: 


SYSTEM/ FUNCTION/ SAVINGS  ANAbVSIS 

ZOO System  Scliematic:  S-14,  Stenm  Boiler 

Building  System; ^ 

Fuel:  # 2 on 

Peak  Output  Capacity:  ^500 _ MBU  Input  at  Peak  Output:  _ MBU 

Operation  Schedule:_  ~rap,o  M/&.r 

Controls:  

NOTES:  

EMCS  Function  Savings 

KW  KWH  THERMS  MH 

//23,  Trouble  Diagnosis  

//26,  Safety  Alarm  


figure  10  - SURVEY  DATA  FORMS 


SYSTKii/ruNCTion/r.AViNr.n  anai.y:;is 


Bui  Id  In  Number 200  SyBlcm  Schematic:  S-7.  Slnf.le  Y-onc  Split  Systei 

Building  System; ^ 


Supply  CFM: 


Supi>]y  Fan  IIP: 


Return  Fan  IIP: 


Economizer  Status  : 


Min.  O.A.  CFM:  12-00 Time  Clock  Control:  Vg 


Total  Compressor  IIP:  2 O 


Total  Condenser  Fan  HP: 


Occupancy  Schedule: 
Critical  Areas/F.quipments: 


Controls: 


EHCS  Function 


Savings 


KVJ  KWH  THERMS  MH 


#1,  Time  S chcduled  Operation 


i2.  Duty  Cycling 


J3,  Demand  Limiting  Start/Stop 


#8,  Enthalpy  Economizer 


#9,  Space  Night  Setback 


#16,  Start/.Stop  Optlralz.ntlon 


#23,  Malnt.  Run  Time  Reports 
#24,  Trouble  Ul.ignosis 


FIGURE  II  - SURVEY  DATA  FORMS 


SYSTKM/riKja'Tori/SAViHc :::  anai.ysis 


Bullilini;  Number;  3oQ System  Schematic:  S-l,  Hot  Water  Rojier 

Bulldiiij;  System: 

Operation  Sclicdulc;  Fuel:  4^  2,  011 — 

Peak  Output  Capacity:  ) ^ OO M15H  Input  at  Peak  Output:  2-000  MBH 

H.W.  Pump  HP: ^ ^HP  Annual  Hours  of  Operation:  O A~0 

Controls; 

NOTES:  


EMCS  Function 


<fl4,  0. A. Schedule  Reset 


Savings 

KW  KWH  THERMS  MH 


^23,  Maint.  Run  Time  Reports 
f2^.  Trouble  Diagnosis 
f2().  Safety  Alarms 


FIGURE  12  - SURVEY  DATA  FORMS 
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SYSTI-M/rUNCTTOM/SAVTNCS  ANALYSIS 

Bulldlnc  Number;  'hOO System  Schematic:  S-l,  Hot  Water  Boiler 

Building  System: 2- 

Operation  Schedule;  Fuel;  2 0 1 1 — • 

Peak  Output  Capacity;  1 600 MBll  Input  at  Peak  Output:  2000 MBH 

H.W.  Pump  HP:  E> HP  Annual  Hours  of  Opcration:_  A7fcO 

Controls: 

NOTES:^ 

EHCS  Function  Savings 

KW  KWH  THERMS  MH 

<11^,  O.A^Schedule  Reset  . , 


{23,  Maint.  Run  Time  Reports 
{2h,  Trouble  Diagnosis 
{2(>,  Safety  Alarms 


FIGURE  13  - SURVEY  DATA  FORMS 
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S Y STl'M/KUNCTION/SAV INCS  ANALYSIS 


Building  Number: 
Building  System: 


3qq 


System  Schematic:  S-5,  Cl'lller  - Air  Cooled 


Total  System  Capacity: 


140. 


Total  Compressor  Motor  Nameplate  HP:  200 


Total  Condenser  Fan  Motor  Nameplate  HP: 
Chilled  Water  Pump  HP:  ) ^ 


Tons 
_ HP 
_ HP 
HP 


Operation  Schedule:  ~730- 14,30  M-l^=  2344  Nw»./Ye.. 

Existing  Time  Clock  Control:  Q 

Controls:  

NOTES: 


EMCS  Function 


#1,  Time  Scheduled  Operations 


Savings 
KW  KWH 


THERMS  MH 


//2,  Duty  Cycling 


//3 , Demand  Limiting  Start/Stop 


//12,  Chilled  Water  Reset 


//16,  Start/Stop  Optimization 


#23,  Maint,  Run 'Time  Reports 
#2A,  Trouble  Diagnosis 
#26,  Safety  Alarms 


FIGURE  14  - SURVEY  DATA  FORMS 


SYfrn  H/imXTlOIJ/V.AVINr.S  AtlAI.YSIS 


CullOinc  Nuiiil)cr!  ^OG SyiiLcm  lichcwat Ic : ^-3,  r.inrJ<'  y«rn'  Air  ll.inillt  i 

Eulldlnc  System; 

Supply  Cni:  'XnnOO  Supply  Fan  IIP:  'h  D Return  Fan  IIP:  Q 
Economizer  Status:  g:>^>^ALPV  ro^3f'gol-■ 

Hin.  O.A.  CFM:  4-600 Time  Clock  Control:  kj  O 

Occupancy  Sclicdule:  n3?h-\(n^n  234(^ 

Critical  Areas/Equipment : klofOg ^ 

Controls:  

NOTF.S: 

EliCS  Function 


;«l,  Time  Scheduled  Operation 


Savinns 

KW  KWH  THERIIS  MH 


J2,  Duty  Cycling 


^3,  Demand  Limiting  Start/Stop 


J8,  Enthalpy  Economizer 


f9i  Space  Might  Setback 


fl6,  Slnrt/Stop  Optimization 


^23,  llalnt.  Run  3'lmo  Reports 
(7!*,  Treiiblu  nlngno::!!! 


FIGURE  15-  SURVEY  DATA  FORMS 


SYSTi:H/rii::cTiOfj/':Aviiicr.  aiiai.ysis 


Bulldl  nj;  Nu.nbcr: 
llulldinj;  Systtm: 


^.qq 


Syutcm  Schcmatlci  S~f»,  Mu]lizo»e  Air  ll.indJor 
Occupancy  Sclicdulc  = 736'1^30M-F 
Kumbcr  Zonca:  !3 


Supply  CFM:  i&QOO.  Supply  Fan  HP:  _ Return  Tan  IIP:  

Min.  O.A.  CIU:  IODO Time  Cl  ock  Control:  . Mn 

Coollnj;  Coil  C.^pacliy : 54*0  MBII,  Design  Cooling  Coll  1.VC.  Temp:  55 
Heating  Coll  Capacity:  ‘^10  MBII,  Design  Heating  Coil  LVG.  Teaip:  _az. 
NOTES: 


EMCS  Function  Savings 

KW  KWH  THERMS  Mil 


il.  Time  Scheduled  Operation 


#2,  Duty  Cycling 


«3.  Demand  Limiting  Start/Stop 


#8,  Enthalpy  Economizer 


#9,  Space  Night  Setback 


#10,  Ilot/Cold  Dock  Reset 


016,  Stnrt/Stop  Optimization 


023,  Malnt.  Run  Time  Reports 
124,  Trouble  Dl.iguoti  l.'i 


FIGURE  16-  SURVEY  DATA  FORMS 
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systi:m/function/savincs  analysis 

Building  Number:  System  Schematic:  S-IA,  Steam  Hoi  lor 

Building  System: 

F^el:  #2.  niL. 

Peak  Output  Capacity:  3c>oo  MBU  Input  at  Peak  Output:  4* OC>0  HKH 

Operation  Schedule:  “730-1630  M-P 

Controls: 

NOTES:  

EHCS  Function  Savings 

KW  KWIl  THERMS  MH 

1123,  Trouble  Diagnosis  

#26,  Safety  Alarm  


FIGURE  18  - SURVEY  DATA  FORMS 
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SYSTni/ri'::ni0N7sAvinr.r,  anakysit. 

Builtllin;  Number:  SCO Sy  stem  Schematic:  S-7.  Sfnj'lo  Zone  flpllt  SyMeri 

Bulldlnc  System: 

Supply  CFM:  1^000  Supply  Fnu  IIP:  Zc>.  - Returi)  Fan  ItP:  _£2 


Econonlzer  Status  : 


= : . Klo-T  „l£xi^irt 


Min.  O.A.  CFM:  -L^-Oo Time  Clock  Control:  JJq 

Total  Compressor  HP:  40 Total  Condenser  Fan  HP: 


Occupancy  Schedule:  K/1-P  234Cp4fe^./YR- 

Critical  Areas/Equipments:  -kl.oKJg^ 


Controls: 


NOTES: 


EMCS  Function 


Savings 

KW  KWH  THERMS  MH 


#1.  Time  Scheduled  Operation 


#2,  Duty  Cycling 


f3,  Demand  Limiting  Start/Stop 


t8,  Enthalpy  Economizer 


f9,  Space  Night  Setback 


#16,  Start/Stop  Optimization 


#23,  M.ilnt.  Run  Time  Reports 
#26,  Trouble  Dl.igm.sls 


FIGURE  20  - SURVEY  DATA  FORMS 


SYSTr.M/ruriCTTOM/SAVINCS  ANALYSTS 


Building  Number:  ‘ODO System  Schematic:  S-1,  Hot  Water  Boiler 

Bulldinj;  System: 2- 

Operation  Schedule:  ^4-4K^.  | C)C^.  — Fuel:  2-  OI  ^ — 

Peak  Output  Capacity:  6~,On MBH  Input  at  Peak  Output:  Pi$>0 

H.W.  Pump  IIP:  1 HP  Annual  Hours  of  Operation:  

Controls: 

NOTES : 

EMCS  Function 


tlii,  O.Ai  Schedule  Reset 


Savin  p,s 

KW  KWH  THERMS  MH 


S23,  Maint.  Run  Time  Reports 
{2A,  Trouble  Diagnosis 
{126,  Safety  Alarms 


FIGURE  21  - SURVEY  DATA  FORMS 


3.6  ANALYSIS  PRELIMINARIES 


Analysis  Preliminaries  include  preparatory  activities  necessary  to 
perform  the  savings  and  cost  analysis  on  each  system/function  con- 
sidered for  EMCS  connection.  These  activities  include  gathering  of  unit 
cost  estimating  data  to  be  used,  determining  and  summarizing  the  pro- 
cedure to  be  used  in  savings  analysis  of  each  system  function,  deter- 
minating current  unit  energy  cost,  preparing  or  adapting  schematics  for 
systems  found  during  field  investigation,  etc. 

Once  the  field  investigation  phase  is  completed,  the  EMCS  designer 
should  know  exactly  what  energy  consuming  systems  are  present  on  the 
particular  base.  One  of  the  next  tasks  to  be  undertaken  is  the  pre- 
paration or  adaptation  of  schematics  of  each  type  of  system.  Each 
system  type  schematic  should  represent  the  relative  arrangement  of  the 
equipment  which  comprises  the  system  and  illustrate  in  some  manner  the 
interaction  and  control  of  each  element  of  the  system.  The  designer 
must  then  decide  which  EMCS  functions  may  be  applicable  to  each 
system  type.  Based  on  this  decision,  the  sensors/  controllers  required 
to  perform  each  function  must  be  shown  on  the  schematic.  The  purpose 
of  constructing  the  schematic  in  this  manner  is  for  use  in  evaluating 
the  "field  hardware  duplicity"  aspects  of  an  EMCS.  If  for  some  reason 
the  field  devices  are  not  shared  by  different  functions,  the  schematics 
become  trivial,  since  no  "field  hardware  duplicity"  would  be  present. 
Examples  of  schematics  for  various  system  types  used  in  the  Homestead 
AFB,  Fairchild  AFB,  and  Grand  Forks  AFB  feasibility  studies  can  be 
found  in  Section  2 of  this  report. 

Once  system  type  schematics  have  been  constructed,  cost  data  must 
be  obtained  for  each  EMCS  device  shown  on  each  schematic.  Basic  cost 
estimating  data  are  listed  in  Section  1.7,  of  this  report.  The  cost  fig- 
ures shown  must  be  escalated  from  the  date  they  were  obtained  to  the 
expected  bid  date  for  the  project.  Standard  Air  Force  construction 
cost  escalation  techniques  may  be  used  for  this  task. 
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The  basic  utility  cost  information  and  rate  schedules  for  the  partic- 
ular base  must  be  obtained  for  use  in  energy  savings  calculations.  The 
raw  data  should  have  been  obtained  as  one  of  the  list  of  requested 
items  in  the  scope  determination  phase.  Because  utility  prices  and 
billing  methods  have  been  changing  rapidly  in  recent  years,  the  data 
obtained  must  be  closely  evaluated  to  determine  the  best  prices  for  use 
in  savings  calculations.  For  instance,  the  electric  utility  serving  a 
particular  base  may  have  recently  changed  its  method  of  calculating 
demand  charges.  This  could  radically  affect  the  electrical  billings  in 
the  future  and  cannot  be  predicted  from  past  bills.  Once  a good  unit 
price  for  each  type  of  savings  is  established  for  the  present,  these 
prices  must  be  escalated  to  the  date  at  which  the  EMCS  will  begin 
operation  for  payback  calculations. 

Before  beginning  calculation  of  savings  resulting  from  EMCS  control  of 
each  energy  consuming  system,  the  methods  to  be  used  for  this  cal- 
culation should  be  standardized  and  summarized.  This  is  necessary  for 
the  consistent  calculation  of  savings.  Since  the  EMCS  analysis  is  com- 
parative in  nature,  the  absolute  accuracy  of  the  savings  calculations  is 
not  as  important  as  a consistent  method.  Explanation  of  techniques 
used  in  savings  calculations  are  included  for  each  system  type  in  Sec- 
tion 2 of  this  report.  These  are  merely  examples  and  many  other 
techniques  of  greater  or  lesser  accuracy  may  be  used  in  the  evaluation 
of  potential  savings.  The  choice  of  approach  should  be  made  by  the 
EMCS  design  engineer.  Most  of  the  savings  estimates  may  be  made  by 
simple  manual  calculations,  however,  some  of  the  more  critical  functions 
require  detailed  building  energy  consumption  simulations. 

j 

t 

Detailed  building  energy  consumption  simulations  require  the  use  of 
computer  programs  for  that  purpose.  There  are  many  programs  avail- 
able for  performing  this  type  of  simulation.  Programs  which  have  been 
used  in  the  past  include  E-CUBE  75,  AXCESS,  and  TRACE.  Each  of 
these  programs  can  be  used  to  adequately  simulate  such  EMCS  functions 
as  night  shutdown  or  setback.  They  are  all  limited  however  in  their 
I ability  to  adequately  simulate  EMCS  optimization  functions  such  as 

i optimized  start  time,  duty  cycling  with  space  temperature  drift,  hot/ 

cold  deck  reset,  etc.  This  limitation  has  been  unavoidable  since  all 
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available  programs  were  at  more  or  less  the  same  level  of  both  load 
calculation  and  system  simulation  capabilities.  Part  of  this  problem  will 
be  solved  shortly  as  a new  generation  of  building  analysis  programs 
becomes  available.  These  programs  include  APEC  ESP-I,  BLAST,  E- 
CUBE  3,  and  CAL-ERDA.  Each  of  these  programs  has  limitations  and 
differences  in  some  areas,  but  they  will  generally  enable  more  accurate 
evaluation  of  EMCS  savings.  Because  these  programs  were  not  available 
at  the  time  of  this  study,  all  examples  and  feasibility  studies  were 
performed  using  the  E-CUBE  75  program. 

3.6.1  SUMMARY  OF  STEPS: 

1.  Prepare/Adapt  system  type  schematics  to  match  actual  sys- 
tems found  in  field  investigation  phase. 

2.  Obtain  unit  EMCS  device  costs.  Escalate  according  to  appli- 
cable Air  Force  criteria. 

3.  Analyze  utility  cost  date  and  rate  structures  to  determine 
reasonable  unit  prices  for  energy  savings.  Escalate  according 
to  applicable  Air  Force  criteria. 

4.  Determine  and  summarize  savings  calculations  techniques  to  be 
used  for  the  Base  in  question. 

5.  Determine  functions  and  buildings  for  which  computer  building 
energy  analysis  must  be  performed. 

6.  Execute  computer  energy  analysis  programs  and  summarize 
results  for  use  in  savings  calculations. 

3.6.2  EXAMPLE 

Utility  cost  data  for  John  Doe  AFB  is  contained  on  Figure  22.  Sav- 
ings calculation  equations  are  summarized  on  Figure  23  thru  29.  Com- 
puter building  energy  analysis  summaries  are  included  on  Figure  30. 
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ENERGY  COST  ANALYSIS 

ELECTRICAL: 

The  following  data  have  been  taken  from  Florida  Power  and  Light 
Company  Rate  Schedule  ML  (LARGE  U.S.  Military  Service)  and  the  base 
electrical  records: 

DEMAND  COST:  $1 .75/KW/month 
DEMAND  INTERVAL  = 30  minutes 

RATCHET  ADJUSTMENT  = None,  demand  on  a monthly  basis 

COMSUIVfPT  ION  COST:  $. 023/KWH  (average  cost,  not  including 
demand  charges,  taken  from  bill  for  14  February  1977  to  16  March 
1977). 

ESCALATED  RATES: 

DEMAND:  $1.75  X 1.16  X 1.16  = $2.355/KW/month 
COMSUMPTION:  $0,023  X 1.16  Xl.l6  = $0. 031/KWH 

NOTE:  An  examination  of  electrical  billings  for  several  months  indi- 
cates a large  quantity  of  electricity  being  consumed  by  base  housing. 
According  to  the  recaps  received,  housing  accounts  for  approximately 
50%  of  the  base  electrical  costs. 

FUEL  OIL: 

The  following  data  have  been  taken  from  base  fuel  records: 

FUEL  OIL  COST:  $0. 4269/gal  (for  #2  oil,  delivered  in  March, 
1977). 

ESCALATED  RATE:  $0.4269  xl.l6  X 1 .1  6 = $0. 5744/gal 

$0.5744/gal/I39  MBTU/gal  = $0 . 0041 3/MBTU 


FIGURE  22  - UTILITY  COST  DATA 
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23  - SAVINGS  CALCULATION  EQUATIONS 
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J>in;',lr  7Air.c 

Ai  r ILiikI  I i r 

Schcm.iL  i c IIS-3 

/■ 

SjV^i  nj’.s 

NO  TIME  CLOCK 

WITH  TIME  CLOCK 

1 

KWH 

FAN:  HP  X .8  x .746  x 

(8760-H)  X E 

= .5968  X HP  X (8760-H) 

X .3 

i:3  (COOLI.N’C) 

X . 3 

THERMS 

e3  (HEATING) 

X .3 

2 

KWH 

HP  X .8  X 10/60  X H X .746 

= HP  X H X .0995 
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KW 

HP  X .8  X .746  X .25  X M 

= HP  X M X .1492 

8 

KWH 

e3  (COOLING) 

9 

KWH 

FAN:  HP  X . 746  x .8  x 

(876C-H)  /2 

= HP  X (8760-H)  X .2984 

KWH 

e3  (COOLING) 

THER1-1S 

e3  (HEATING) 

16 

KWH 

HP  X .8  X .746  X . 5 X OD 

= HP  X OD  X .2984 

23 

MH 

2 

24 

MH 

2 

FIGURE  24  - SAVINGS  CALCULATION  EQUATIONS 
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FIGURE  25  - SAVINGS 

CALCULATION  EQUATIONS 
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FIGURE  26  - SAVINGS  CALCULATION  EQUATIONS 


Chi  1 Ur,  V.'.'l. 

■ r Coo  1 t'd 

Funct  ion  1- 

.'L''T'T. 

1 

KWH 

T 

KWH 

3 

KV.31 

12 

KW 

13 

KW 

16 

KW 

23 

MH 

24 

MH 

26 

MH 

Heating  and 

Ventilating  Unit 

Function  If 

Type 

1 

KWH 

theflms 

2 

KWH 

3 

KW 

9 

KWH 

THERMS 

16 

KITH 

23 

MH 

24 

MH 

S.iv  i 

NO  TIMI.  CI.OCK 
(lll’j  + lH’o)  X (8760-11)  X 
. 8968 

(lll’j^  + 111'2)  X 11  X .0995 

(Hl’i  + 111’2  + >"’3  + "’’4) 

X M X . 1492 

T X 30 

T X 45 

(HP^  + 111’2)  X OD  X ,2984 
2 
2 
2 

Savliir.s 

NO  TIME  CI.OCK 
HP  X (8760-11)  X .5968 
e3  (HEATING  - ONLY) 

HP  X H X .0995 

HP  X M X .1492 

FANS:  HP  (8760-H)  x .2984 
e3  (HFJVTING) 

HP  X OD  X .2984 


Scliomillc  //S-8 

WITH  TIME  CI.OCK 
X .3 


Schematic  #S-9 

WITH  TIME  CLOCK 
X . 3 
X .3 


FIGURE  27  - SAVINGS  CALCULATION  EQUATIONS 
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'!iMl  inj’. 

.r 

Schema t ir 

/S-10 

runct  iiMi 

vf 

Saviiijj^s 

q 

KWH 

THERMS 

FAN;  IIP  (8760-11)  X .2984 
e3  (HEAT INC) 

23 

Mil 

2 

24 

MH 

2 

Hot  Watc-i 

Convertor 

Schematic 

,7S-11 

Function 

il 

Savin^;^ 

14 

THERMS 

H X I X .01  X 1/100 
= H X I X .0001 

> 

24 

MH 

2 

Two  Pipe 

Fan  Coil  System 

Schematic 

//S-12 

Function 

n 

V 

Iyji£ 

Savinp.s 

1 

KWH 

KWH 

THERMS 

NO  TIME  CLOCK 

DUAL  TEMP  PLTIP: 

.5968  X HP  X (8760-H) 
e3  (COOLING) 
e3  (HEATING) 

WITH  TIME 

X .3 
X .3 
X .3 

CLOCK 

2 

KWH 

HP  X H X .0995 

3 

KW 

HP  X M X .1492 

9 

KWTI 

KW3I 

THl.RMS 

fan;  HP  X (8760-H)  x .2984 
e3  (COOLING) 
e3  (IIE.-\TING) 

]6 

KWTi 

HP  X OD  X .2984 

23 

MH 

2 

24 

MH 

2 

FIGURE 

28  - SAV 

NGS  CALCULATION  EQUATIONS 

.Sclit mat  i /'li-  i ) 


M > .11.1 


I i 1 n,  I .1  ;.y.sl  I'l  I 


1-uiU'l  i_ia'  /•' 

'Ij/jie 

Sav  i n)'.'. 

S 

Sti'.im  B'liler 

'lliLKMS 

k’^  (111. .VI  INC) 

SelieiTi.nt  ic  (iS-14 

I^nc^cai.  a 

JxPJi: 

Sav  i ni;s 

24 

Mil 

2 

26 

Direct  Fired 

Mil 

Furnace 

2 

Schematic  #S-15 

Function  /' 

t>;££ 

Savi  n?,.s 

NO  TIME  CLOCK 

WITH  TIME  CLOCK 

KWH 

FAN:  HP  X (8760-H) 

X .5968  X .3 

'1 

1 

therms 

e3  (HEATING) 

X . J 

KWH 

FAN:  HP  X (8760-H) 

X .2984 

9 

THERMS 

E^  (HEATING) 

23 

MH 

2 

24 

nX  Unit,  Water  Cooled 

2 

Schematic  /<S-16 

Function 

Savlnp^ 

NO  TIME  CLOCK 

WITH  TIME  CLOCK 

1 

Km 

CONU.  PUMP:  HP  x 
. 5968 

(8760-H)  X 

X . 3 

2 

KWH 

CONI).  PUMP:  HP  x 

11  X .0995 

3 

KW 

(IIP]^  I-  HP,  + HP3) 

X M X .149 

33 

KWH 

T X 45 

16 

KWH 

COND.  PUMP:  HP  x 

01)  X .2984 

2 ' 

Ml' 

2 

J •» 

Mil 

• 'Tl 

0 

FIGURE  29  - SAVINGS  CALCULATION  EQUATIONS 
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FIGURE  30  - COMPUTER  BUILDING  ENERGY  ANALYSIS  SUMMARIES 


3.7  SAVINGS  ESTIMATION 

The  Savings  Estimation  effort  is  the  system  by  system  selection  of 
applicable  EMCS  functions  and  the  estimation  of  savings  which  would 
result  from  the  application  of  each  of  those  functions. 

Once  the  data  gathered  during  field  investigation  are  recorded  on 
survey  sheets,  the  EMCS  functions  applicable  to  each  system  must  be 
selected.  The  survey  data  sheets  used  in  this  study  include  a listing 
of  the  functions  which  may  be  applied  to  each  type  of  system.  The 
design  engineer  then  selects  those  functions  on  the  survey  sheet  which 
he  feels  can  be  applied  to  a particular  system.  This  selection  is  based 
on  the  field  investigation  data.  For  example,  the  EMCS  functions  which 
would  be  applied  to  an  air  handling  unit  serving  an  administrative  area 
would  not  be  the  same  as  those  for  an  air  handling  unit  serving  a 
hospital  operating  room.  The  EMCS  design  engineer  must  use  his 
experience  in  selecting  the  applicable  EMCS  functions  for  each  system. 

Once  the  EMCS  functions  for  each  system  have  been  selected,  the 
savings  which  will  result  from  each  system/function  must  be  estimated. 
The  equations  used  to  calculate  these  savings  are  derived  during  the 
analysis  preliminaries  step.  Variables  in  these  equations  are  filled  with 
the  data  obtained  during  the  field  investigation.  In  general,  the  sav- 
ings calculated  are  of  four  types.  These  are  I)  electrical  peak  demand 
reduction  (KW),  2)  electrical  consumption  reduction  (KWH),  3)  heating 
energy  consumption  reduction  (THERMS),  and  4)  manpower  savings 
(MANHOURS).  Savings  should  be  calculated  in  these  units  and  then 
converted  to  dollars  for  summation.  This  approach  will  assure  that 
totals  for  each  type  of  savings  may  be  obtained  at  the  end  of  the 
design  analysis.  If  the  savings  equations  and  calculations  produce 
results  directly  in  dollars,  it  would  not  be  possible  to  determine  the 
major  source  of  savings,  whether  it  be  KW  demand,  heating  savings, 
etc. 


i 

] 

1 

1 

i 
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3.7.1  SUMMARY  OF  STEPS: 


1.  Select  appropriate  functions  for  each  system  based  on  data 
from  the  field  investigation. 

2.  Calculate  estimated  savings  from  each  selected  function  appli- 
ed to  each  system. 

3.7.2  EXAMPLE: 

Savings  calculations  are  shown  on  Figure  31  thru  45. 


SYSTEM/ FUNCTION/SAVINGS  ANALYSIS 


Building  Nuraber:_  

Building  System:  | 

Operation  Schedule: 

Peak  Output  Capacity: 

H.W.  Pump  HP:  H 


System  Schematic:  S-1,  Hot  Water  Boiler 


_MBH  Input  at  Peak  Output :_ 


HP  Annual  Hours  of  Operation:^ 


Controls: 


NOTES: 


EMCS  Function 


X-  #1A,  0. A. Schedule  Reset 


X-  #23,  Maint.  Run  Time  Reports 
X.  #24,  Trouble  Diagnosis 
JL  #26,  Safety  Alarms 


Savings 


Tot.  $ 

7-Qg? 


THI-RMS  MH 


504- 


FIGURE  31  - SAVINGS  CALCULATIONS 
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systi:m/)-unction/savincs  analysis 

Building  Number:  IQQ System  Schematic:  S-5,  Chiller  - Air  Cooled 


Building  System:  2- 

Total  System  Capacity:  40 Tons 

Total  Compressor  Motor  Nameplate  HP:  Aa HP 

Total  Condenser  Fan  Motor  Nameplate  HP:  ^ HP 

Chilled  Water  Pump  HP:  HP 


Operation  Schedule:  Ur^./yK. 

Existing  Time  Clock  Control:  Xh2 

Controls: 

(cf  \TL.-  +B60l4r«/yR. 

NOI'ES;  Pftom  I • \'2.  ~ \ I73> 

EMCS  Function  Savings 


Tot.  $ KW  KWH  THERMS  MH 
111,  Time  Scheduled  Operations  jza 61AZ  


3)i(A3<^-\n3)  )C  O.69(o9> 

y 112,  Duty  Cycling 

JJL. 

700 

y 111,  Demand  Limiting  Start/Stop 

-1£>L  j^3- 

//12,  Chilled  Water  Reset 

— 

y 1116,  Start/Stop  Optimization 

4- 

. 1.14? 

y #23,  Maint,  Run 'Time  Reports 

y #24,  Trouble  Diagnosis 

zo 

2 

y #26,  Safety  Alarms 

J2rQ 

2. 

FIGURE  32  - SAVINGS  CALCULATIONS 


SYSTKM/KUNCTION/SAVINCS  ANAUSIS 

Building  Number:  \oo System  Scliematlc:  S-6,  M'lltizone  Air  Handler 

Building  System:  ^ Occupancy  Schedule: 

Number  Zones:  ^ 

Supply  CFM:  /fcooo  Supply  Fan  HP:  -IS _ Return  Fan  IIP:  

Min.  O.A.  Cl'M:  A(oDO  Time  Clock  Control:  -Lie 

Cooling  Coll  Capacity:  4-P>o  _ MBH,  Design  Cooling  Coil  LVG.  Temp; 

Heating  Coil  Capacity:  ^QQ  MBH,  Design  Heating  Coll  LVG.  Temp: 


g.B  CaiLLgg  OTUp^f^Ot^,  Aig  lilOirg) 

Savings 


EMCS  Function 


UforT 


Tot.  $ KW  KWH  THERMS  MH 
)(  ^1.  Time  Scheduled  Operation  <Cf7<M6.  7ft; | 

iSi(fi760-234^)y  o.  S74l6t£oJt+ 

C^-  •■lfeOQO)(^.\6(?l  = SQgZS  fcfu? rt 

IfeOQQ  y O.  04-8fl  = 7P>I  <U5-giv\^ 

■ X ^2,  Duty  Cycling  |OP  

l5X23>4fe>^O.oP.g6> 

X.'3.  Demand  Limiting  Start/Stop  63>  

<exiz.y  Q.  1492. 

#8,  Enthalpy  Economizer  •— 


#9,  Space  Night  Setback 


#10,  Hot/Cold  Dock  Reset 

X #16.  Start/Stop  Optimization 

\\C>^ 

. /O.Z.9ft4 

X #23,  Mnint.  Hun  Time  Reports 

z. 

X I2i,  Trouble  Diagnosis 

Zo 

figure  33  - SAVINGS  CALCULATIONS 


SYSTEM/FUNCTION/SAVINGS  ANALYSIS 


Building  Number: 
Building  System: | 


System  Schematic:  S-14,  Steam  Boiler 


Peak.  Output  Capacity: 
Operation  Schedule: 


MBH  Input  at  Peak  Output: 


Controls: 


NOTES: 


E3iCS  Function 


X-  #23,  Trouble  Diagnosis 
jL  #26,  Safety  Alarm 


Savings 


Tot.  $ KW  KWH  THERMS  MH 


FIGURE  34  - SAVINGS  CALCULATIONS 


Building  Number: 
Building  Systera:_ 


systi:m/i'1)hction/savinc:s  anai.ysis 

Zoo  System  Schematic:  S-7,  Single  Zone  Spilt  System 


Supply  CFM:  Supply  Fan  HP:  ^ Return  Fan  HP:  ^ 

Economizer  Status  : CCUL.V  Bg 

Min.  O.A.  CFM:  IZOO Time  Clock  Control:  


Z-P 


Total  Condenser  Fan  IIP: 


Total  Compressor  HP: 

Occupancy  Scliedule:  -73P— l(.^o 

Critical  Areas/Equipments:  kl  

Controls:  

NOTES: 


EMCS  Function  Savl ngs 

Tot.  $ KW  KWH  THERMS  MH 


y #1,  Time  Scheduled  Operation 

l475<i.  1/7 

,g-X^7t»Q-<^)X0-74(eX0-3> 

floppy  6.l^ft=r26zM-krv:tf)t<D.3= 

^Qoo  y e>.  o4-8ft  - 39o  -raggoi^^  3 — 

75-79 

117 

y #2,  Duty  Cycling 

36  . 

1167 

O.0996 

y #3,  Demand  Limiting  Start/Stop 

27/6^0-14^2. 

^ #8,  Enthalpy  Economizer 

P7 

:iii6 

Q>ooc  y.  0.392- 

#9,  Space  Night  Setback 

S-  #16,  Start/Stop  OpMmizatlon  \Z-  ^ 


5y  24,oyo.29ft4' 

^ #23,  Maint.  Run  Time  Keports 

20 

2- 

y #21t.  Trouble  Diagnosis 

_ 

2- 

FIGURE  35  - SAVINGS  CALCULATIONS 


//23,  Maint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 
#26,  Safety  Alarms 


FIGURE  36  - SAVINGS  CALCULATIONS 


H H ^ 


SYSTEM/ FUNCTION/ SAVINGS  ANALYSIS 

Building  Number:  3£2g> System  Schematic:  S-1,  Hot  Water  Boiler 

Building  System: 2: 


Operation  Schedule:  _ Fuel:  o\u 

Peak  Output  Capacity:  | ^QO MBH  Input  at  Peak  Outpu.:  2^000  MBH 

H.W.  Pump  HP:  ^ HP  Annual  Hours  of  Operatlon:_  

Controls  

NOTES: 


EMCS  Function 


Savings 

Tot.  $ KW  KWH 


X-  //14,  0. A. Schedule  Reset 


4lfa 


THERMS 


MH 


//23,  Maint.  Run  Time  Reports 
/i*24.  Trouble  Diagnosis 
#26,  Safety  Alarms 


-Ld  ... 

z 

... 

z 

zo. 

2- 

FIGURE  37  - SAVINGS  CALCULATIONS 
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systi:m/kunction/savincs  analysis 

Building  Number:  3oO System  Schematic:  S-5,  Chiller  - Air  Cooled 


Building  System: ^ 

Total  System  Capacity:  \(oO Tons 

Total  Compressor  Motor  Nameplate  HP:  .Zq^ ^ 

Total  Condenser  Fan  Motor  Nameplate  HP:  in HP 

Chilled  Water  Pump  HP:  | HI* 


Operation  Schedule:  730-  It. 30  M-P,  Z34(^  /v/R. 

Existing  Time  Clock  Control:  -kJp 

Controls:  


NOTES:  AtL-riOf?  YgAF=^  F.Q0>0C^ 


EMCS  Function 

Savings 

Tot.  $ 

KW 

KWH  THERMS  MH 

V {1,  Time  Scheduled  Operations 

17p30 

.574IP> 

— ^ 

{2,  Duty  Cycling 

Y {3,  Demand  Limiting  Start/Stop 

4o3 

zZ6)(\-Z)CO-\A'9Z. 

y {12,  Chilled  Water  Reset 

I4-& 

30 

X {16,  Start/Stop  Optimization  ■ 3^ 1H.^ 


Y0.29R4- 

■ ■ - 

y {23,  Maint.  RunTime  Reports 
y ff24,  Trouble  Diagnosis 
y {26,  Safety  Alarms 

■ZD 

z 

zo 

z 

izo. 

z 

FIGURE  38  - SAVINGS  CALCULATIONS 


SYSTl'M/rUNCTION/fiAVINGS  ANALYSTS 


Eulldiug  Number; 


System  Sclicmattc:  S-3,  Single  Zone  Air  Handler 


Building  System:  4** 

Supply  cut:  *^<0  Supply  Tan  HP:  *3  O Return  Fan  HP:  ^ 


Economizer  Status:  CCOLI?  Bg  Uf>gp  PgR  ^KSTHAl-Py 

Mln.  O.A.  CFM:  4^00 Time  Clock  Control:  |l  I rO 

Occupancy  Schedule:  7 3>Q  — I fc  SQ...fy\-  F , - 


Critical  Areas/Equipment:  | ^ I 

Controls : 

NOTES: 


EMCS  Function 


Time  Scheduled  Operation 


Savings 

Tot.  $ KW  KWH  THERMS  MH 

:7Joi  1444-  


• 3dcco  y Ii^g)  d 94740 

• :?p<oooy'<D.o4gg)=  1 4fe4-mgg»A'^ 


, Duty  Cycling 

0-09^^ 

#3,  Demand  Limiting  Start/Stop 

.30iC\Z.>(  O-  \^9Z 


2.\1 


7003 


#8,  Enthalpy  Economizer 

PQg  X g-  39Z, 


-JZ.7.  ^3.7  

ilTfeP 


#9,  Space  Night  Setback 


X tfl6,  Stnrt/Stop  Optimization 

2boin.-L.9M- 

X #23.  Halnt.  Run  Time  Reports 

X ^2^1  Tioublu  Diugnusls 


-Z2=_ 


z-bzfb 


FIGURE  39  - SAVINGS  CALCULATIONS 


J 
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I I 1 


Building  Number:  3nQ. SyBli'iii  Scliematic:  S-b,  Multi/.uru*  Air  Handler^ 

Building;  Syslem: 


Occupancy  Schedule: 

Number  Zones:  ^ 


Supply  CFM:  ] ^ OOO  Supply  Fan  IIP:  7 12) Return  Fan  IIP: 

Min.  O.A.  era:  loco Time  Clock  Control:  J-Lc 


Cooling  Coil  Capacity:  ^4-0  KBH,  Design  Cooling  Coil  LVC,  Temp: 

Heating  Coil  Capacity:  ^"7  O MBH,  Design  Heating  Coll  LVG.  Temp:  _ax 
NOTKS:  


EHCS  Function 


n,  Time  Scheduled  Operation 


0.^968:^  "76^6  & 


Savings 

Tot.  $ KW  KV^ni  THKRMS  MH 

IIR4-I  Z2Z2^o  US®£) 


fi2,  Duty  Cycling 

;^o>/-z5»46  X'C-(09P^ 

f3.  Demand  Limiting  Start/Stop 

■ ^<?y  tz.x'avi.^hgS: 

^8t  Enthalpy  Economizer 


, Space  Night  Setback 


tflO,  Hot/Cold  Dock  Reset 


ffl6,  Start/Stop  Optimlz.itlon 

7^y  zfcoy  0.2964- 

^23,  Naint.  Run  Time  Reports 
#24,  Trouble  Dl.ignosls 


14^ 


44^ 


jSi^^  J£3 


2-.g 


FIGURE  40  - SAVINGS  CALCULATIONS 


Kh  'K 


SYSTr.M/KUNCT10N/SAVlN(;S  ANALYSIS 

Bulldini;  Number:  3>OC> . System  Scliematic:  S-6,  Multizone  Air  llandl. 

Building  System; ^ Occupancy  Schedule:  "7 

Number  Zones:  A. 

Supply  CFM:  'Z.Q  OpG  Supply  Fan  HP:  3 O Return  Fan  HP:  Q 

Min.  O.A.  CFM;  y^oo  Time  Clock  Control;  

Cooling  Coll  Capacity:  (oCC)  MBH,  Design  Cooling  Coll  LVG.  Temp: 

Heating  Coll  Capacity;  ASiD  MBH,  Design  Heating  Coil  LVG.  Temp;  3q 

NOTES: 


EMCS  Func t 1 on 


Jl,  Time  Scheduled  Operation 


Savings 

Tot.  $ KW  KWH  THERMS  MH 


V #2,  Duty  Cycling 


JL.  o. 


Demand  Limiting  Start/Stop 


SOYIZ,  Vg).14-g>P^ 


#8,  Enthalpy  Economizer 


&in 

i2J_  ^3.7 


#9,  Space  Night  Setback 


#10,  Hot/Cold  Deck  Reset 


ZoocoH  t. 4:3*6 

F^ODc  'Z  o.\9(^ 

#16,  Slnrt/Stop  Optimization 

^0)^ 2,^0 ](  0.7.9  (KA 

#23,  Mnint.  Run  Time  Reports 
#24,  Trouble  Diagnosis 


•2-i9 


22100 


■^■338 


:2t. 

2- 


FIGURE  41  - SAVINGS  CALCULATIONS 


SYSTV>I/KWCT10N/SAVINGS  ANAI.YSIS 

Building  Number: System  Scliemntlc:  S-7.  Single  Zone  Split  System 

Building  System;  | 

Supply  CFM:  Supply  Fan  HP:  -^O  Return  Fan  HP:  Q 

Economizer  Status  : _ Ljg>T^  t ^ -Tl  1^'^  ^ 

Min.  O.A.  CFM:  A’boo  Tine  Clock  Control:  -kio 

Total  Compressor  HP:  Q Total  Condenser  Fan  HP;  "h 

Occupancy  Schedule:  - "730  - 

I f c . ^ 1 ^ 


Critical  Areas/Equlpmonts:  1 L1C 


Controls: 

NOTES: 


EMCS  Function 


Time  Scheduled  Operation 


Tot.  $ 


X-  '1*  

Zoy/'fi7feo-Z34<.)yt0.49^ft  :r  a 

#2,  Duty  Cycling  Ai=>L9 

20/^34^  y 0.0 

X #3,  Demand  Limiting  Start/Stop 

_63y4.  y 0.149?. 

Enthalpy  Economizer 


Savings 

KW  KWH  THERMS  MH 

I22^_:Z3^  


■13.3  ^4.4- 


#9,  Space  Night  Setb.ick 


X #16,  Start/Stop  Optimization 

■Z^yzfeo  y 

X #23,  Malnt.  Run  Time  Reports 
X /24,  Trouble  Diagnosis 


ASl 


:2^ 


FIGURE  42-  SAVINGS  CALCULATIONS 


SYSTEM/FUNCTION/SAVINCS  ANALYSIS 

Building  Nuinbcr:_  System  Schematic:  S-13,  Steam  Unit  Heater  System 

Building  System: ^ 

Total  Unit  Heater  Capacity:  Z^OQ 

Occupancy  Scliedulc:_  '7'bO  — F 

Occupied  Hours  of  Operation:  

Occupied  Temperature:  __:2i2 __  F Unoccupied  Temperature  ^ 

NOTES:  ■_  — 

EMCS  Function  Savings 

Tot.  $ KW  KWH  THERMS  MH 

JL  119,  Space  Niglit  Setback  J2J1 30^  

i.)o4' 


FIGURE  43  - SAVINGS  CALCULATIONS 


SYSTEM/FUNCTION/SAVINGS  ANALYS I S 


Building  Number:  ..  Ao.a System  Schematic:  S-14,  Steam  Boiler. 

Building  System:  1 

Fuel:  Az  -OIL. 


Peak  Output  Capacity: 

MBH 

Input  at  Peak  Output: 

MBH 

Operation  Schedule:  “7 

1^30 

M-r 

Controls: 

NOTES: 

EMCS  Function 

Savings 

Tot.  $ KW  KWH 

THERMS 

MH 

y #23,  Trouble  Diagnosis 

Z 

y #26,  Safety  Alarm 

zo  _ 

FIGURE  44  - SAVINGS  CALCULATIONS 


KHI^ 


SYSTEM/ FUNCTION/ SAVINGS  ANALYSIS 

Building  Number;  System  Schematic;  S-l,  Hot  Water  Boiler 

Building  System; ^ 

Operation  Schedule;  24^ U’P».<S.‘*’Oc.'Tr— ApRI U Fuel;  ^ "Z.  <D\L^ 

Peak  Output  Capacity;  -<eOO  MBH  Input  at  Peak  Output;  _MBH 

H.W.  Pump  HP;  | HP  Annual  Hours  of  Operation;  

Controls; 

NOTES; 


EMCS  Function 


0. A. Schedule  Reset 


£cACiTL9^^)(O.DCO\ 


Tot.  $ 

oox 


Savlngs 
KW  KWH 


THERMS 


MH 


#23,  Malnt.  Run  Time  Reports  ZO 

#24,  Trouble  Diagnosis 

#26,  Safety  Alarms  Z^O. 


FIGURE  45  - SAVINGS  CALCULATIONS 


n 

3.8  COST  ESTIMATE/RANKING  PROCESS 

The  Cost  Estimate/Ranking  Process  is  the  system  by  system  analysis 
whereby  each  function  is  economically  ranked  according  to  its  payback 
period  while  taking  into  account  the  "field  hardware  duplicity"  concept 
described  in  Section  1 .5  of  this  report. 

The  method  used  to  account  for  field  hardware  duplicity  is  to  perform 
a repetitive  ranking  process  on  the  functions  applicable  to  each  system. 
First,  all  functions  applicable  to  the  particular  system  are  listed. 
Savings  resulting  from  the  application  of  each  function  are  estimated. 
The  cost  to  apply  each  function  is  estimated.  This  is  done  for  each 
function,  assuming  no  other  functions  are  under  consideration.  A 
system  schematic  which  illustrates  what  sensors  are  required  to  perform 
each  function  is  needed  to  accomplish  this  cost  estimate.  Examples  of 
such  schematics  are  included  in  Section  2 of  this  feport.  The  cost  and 
savings  figures  obtained  are  used  to  calculate  a payback  period  for 
each  function.  The  function  with  the  best  payback  period  is  assigned 
the  highest  rank.  When  a function  has  been  ranked  for  a particular 
system,  that  function  is  assumed  to  be  connected  to  the  EMCS.  A 
revised  cost  is  then  calculated  for  the  remaining  unranked  functions  on 
the  basis  that  the  ranked  functions  (and  their  associated  field  devices) 
are  already  connected  to  the  EMCS.  Thus,  any  sensors  or  controllers 
that  are  common  between  the  ranked  function  and  the  remaining  fun- 
ctions have  already  been  paid  for.  Their  cost  may  be  deducted  from 
the  independent  cost  estimates  for  each  remaining  function  to  obtain  a 
revised  cost.  The  revised  costs  are  used  to  calculate  new  payback 
periods  for  each  remaining  function.  The  function  with  the  best  pay- 
back period  of  the  remaining  group  is  given  the  next  highest  rank. 
The  iterative  process  described  above  is  continued  until  all  functions 
applied  to  a particular  system  have  been  ranked  based  on  their  payback 
periods  and  their  costs  revised  to  account  for  the  previous  connection 
of  functions  with  higher  rank.  The  function  ranking  procedure  is 
repeated  for  each  individual  system  considered  for  connection  to  the 
EMCS. 


One  result  of  the  function  ranking  process  is  that  after  a function  is 
ranked  and  the  cost  of  the  remaining  functions  revised,  the  payback 
period  for  one  or  more  unranked  functions  could  be  better  than  some  of 
the  ranked  functions.  The  extreme  example  of  this  situation  is  when 
two  functions  require  exactly  the  same  field  devices.  The  ranking 
process  would  independently  analyze  each  function  and  then  select  the 
one  with  the  highest  savings  (since  each  would  have  the  same  calculated 
cost)  to  be  ranked  first.  The  process  would  then  revise  the  cost 
estimate  of  the  remaining  function,  taking  into  consideration  the  pre- 
viously ranked  function.  This  will  result  in  a zero  cost  for  the  re- 
maining unranked  function.  Thus,  the  ranking  would  actually  show  a 
function  having  the  highest  rank  with  a lower  payback  period  than  the 
next  lower  ranked  function.  If  these  functions  are  combined,  the 
resulting  combined  payback  period  would  be  better  than  the  payback 
period  of  the  higher  ranked  function  by  itself.  Therefore,  following 
the  ranking  of  functions  for  each  system,  a combination  process  must 
be  done  on  the  ranked  functions  for  each  system.  This  is  a simple 
process  of  examining  each  ranked  function  and,  if  the  next  lower  rank- 
ed function  has  a better  payback  period,  combining  it  with  the  next 
lower  ranked  function. 

The  ranking  and  combination  process  described  above  can  be  quite 
tedious  and  time  consuming.  A computer  program  has  been  developed 
to  perform  the  ranking  and  combination  tasks.  This  program  and/or  its 
use  is  documented  in  Volume  II  of  this  report. 

3.8.1  SUMMARY  OF  STEPS: 

1 . List  all  functions  applicable  for  a particular  system  along 
with  the  savings  calculated  for  each  function. 

2.  Calculate  the  cost  to  apply  each  function,  assuming  no  other 
functions  are  under  consideration. 


i 


i 

il 


3-62 


3.  Calculate  payback  period  for  each  function. 


4.  Select  the  function  with  the  best  payback  period,  assign  an 
appropriate  rank  to  that  function,  and  eliminate  it  from  fur- 
ther ranking  consideration. 

5.  Calculate  revised  cost  for  each  unranked  function  while  as- 
suming devices  required  for  ranked  functions  have  been 
connected  to  the  EMCS  already. 

6.  Repeat  steps  3,  4,  and  5 until  all  functions  applicable  to  the 
particular  system  have  been  ranked. 

7.  Repeat  steps  1,  2,  3,  4,  5,  and  6 until  the  function  ranking 
analysis  is  complete  for  all  systems. 

8.  For  a particular  system,  list  all  applicable  functions  in  order 
of  their  rank  established  by  the  function  ranking  analysis. 

9.  If  the  payback  period  of  the  next  to  the  top  ranked  function 

is  better  than  the  top  ranked  function,  combine  the  func- 
tions. If  not,  move  to  the  next  to  the  top  function  and 

compare  its  payback  period  with  that  of  the  next  function  on 
the  list  and  combine  the  functions  if  the  lower  ranked  func- 
tion has  a better  payback  than  the  higher  ranked  function. 

10.  Repeat  step  9 until  all  functions  applicable  to  the  particular 
system  have  been  examined  as  candidates  for  combination. 

11.  Repeat  steps  8,  9,  and  10  until  the  combination  process  is 
complete  for  all  systems. 

12.  Prepare  a final  listing  of  system/functions  after  the  ranking 
and  combination  process  for  use  in  the  prioritization  analysis. 


3.8.2  EXAMPLE: 

Steps  l.thru  7 above  are  illustrated  on  Figure  46  thru  67  and  Steps  8 
thru  12  are  illustrated  on  Figures  68  thru  73. 
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3.9  TRANSMISSION  SYSTEM  CONFIGURATION 

Transmission  System  Configuration  is  the  conceptual  design  of  the 
EMCS  data  transmission  network  and  the  estimation  of  the  costs  assoc- 
iated with  each  element  of  that  network. 

The  EMCS  data  transmission  network  includes  all  equipment  required 
to  transfer  data  between  a field  interface  device  in  a remote  building 
and  the  central  control  center  (usually  in  the  Base  Civil  Engineer's 
Office).  The  network  may  use  any  of  the  common  data  transmission 
media,  i.e.,  radio,  microwave,  telephone,  high  speed  cable,  etc.  The 
two  most  commonly  used  for  EMCS  projects  are  high  speed  cable  and 
telephone  lines. 

Where  high  speed  cable  is  used  a coaxial,  twinaxial,  or  specially 
constructed  cable  is  installed  by  the  EMCS  contractor.  The  cable  may 
be  installed  alongside  existing  aerial  power  and  telephone  lines  on 
existing  poles,  or  it  may  be  installed  underground  by  direct  burial  or 
through  an  existing  ductbank.  A single  cable  may  be  used  to  carry 
data  from  a large  number  of  field  interface  devices.  The  most  common 
problems  occur  from  lightning  interference  for  the  aerial  installed  cable, 
and  from  cutting  of  the  buried  cable  while  digging  without  knowledge  of 
the  cable  location. 

The  other  primary  data  transmission  media  are  telephone  lines.  By 
installing  a modem  at  each  field  interface  device,  along  with  a corre- 
sponding modem  at  the  central  control  center,  low  grade  telephone  lines 
may  be  used  for  EMCS  data  transmission.  The  great  advantage  of  this 
approach  is  that  in  most  cases  spare  telephone  lines  are  existing  into 
each  building  to  be  connected  to  the  EMCS.  These  lines  may  be  fur- 
nished by  the  government  for  use  by  the  EMCS  contractor  at  little  or 
no  cost  to  the  government.  This  approach  eliminates  the  need  for  the 
EMCS  contractor  to  run  high  speed  cable  with  a branch  into  each  build- 
ing and  thus  offers  great  cost  reduction  potential.  Disadvantages  of 
using  telephone  transmission  media  include  the  low  transmission  speed 
required  by  the  low  quality  of  the  telephone  lines.  This  disadvantage 
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is  for  the  most  part  nullified  when  "smart"  field  interface  devices  (FID) 
which  report  by  exception  only  are  used.  This  type  of  system  does  not 
require  the  large  volume  of  data  transmission  that  "scanning"  EMC 
systems  require.  Other  problems  include  lightning  protection  and 
maintainability.  Maintainability  is  the  major  hurdle  to  the  use  of  all 
telephone  transmission  networks.  Maintenance  problems  will  primarily 
occur  when  an  unknown  fault  occurs  in  the  EMCS.  Determining  wheth- 
er the  fault  is  a telephone  problem  which  must  be  repaired  by  Base 
Communications  people  or  an  EMCS  problem  which  must  be  repaired  by 
the  EMCS  contractor  may  be  very  difficult.  The  success  or  failure  of 
the  use  of  all  telephone  data  networks  will  primarily  be  determined  by 
the  personalities  involved.  If  both  EMCS  contractor,  Base  Commun- 
ications, and  Base  Civil  Engineering  EMCS  operators  cooperate,  the 
system  should  be  a success. 

In  general,  all  Air  Force  Bases  have  remote  buildings  located  a sub- 
stantial distance  from  the  main  concentration  of  buildings.  It  is  imprac- 
tical to  connect  these  remote  facilities  to  the  EMCS  via  contractor  fur- 
nished cable,  so  telephone  transmission  must  be  used  for  those  build- 
ings. Therefore,  even  though  cable  may  be  the  primary  transmission 
medium,  some  telephone  transmission  is  necessary  on  all  installations. 
The  basic  design  decision  relating  to  transmission  system  configuration 
■ thus  becomes  a question  of  how  much  telephone  transmission  should  be 

used.  At  one  extreme  is  the  contractor  furnished  cable  system  with 
telephone  used  only  for  buildings  several  miles  from  the  main  areas.  At 
the  other  extreme  is  the  use  of  government  furnished  telephone  lines  to 
all  buildings. 

In  some  cases  the  decision  is  made  as  a matter  of  policy,  while  in 
others  it  is  left  up  to  the  designer.  The  only  way  to  completely  evalu- 
ate the  situation  is  to  configure  one  transmission  system  for  all  tele- 
phone and  another  for  contractor  cable.  Each  system  is  separately  run 
through  the  prioritization  analysis  and  the  results  are  compared  before 
the  decision  is  made. 
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If  a combined  cable  and  telephone  system  is  decided  on,  the  first 
step  in  conceptual  design  is  to  lay  out  the  system  on  a base  map. 
Buildings  to  be  connected  to  the  EMCS  must  be  identified.  A rough 
cable  route  should  be  laid  out.  If  the  cable  is  to  be  installed  aerially, 
existing  pole  routes  must  be  followed.  If  the  cable  is  to  be  direct, 
buried  utilities  and  pavements  should  be  avoided.  Buildings  on  the 
extremities  of  the  cable  route  should  be  economically  evaluated  to  see 
whether  extending  the  cable  to  those  buildings  would  be  less  expensive 
than  adding  a pair  of  modems  to  use  telephone  lines. 

Once  a proposed  network  has  been  configured,  a cost  estimate  must 
be  prepared  for  each  element  of  the  system.  The  network  must  be 
broken  down  into  individual  pieces  in  order  for  the  prioritization  analy- 
sis to  take  into  account  the  "geography  cost"  described  in  Section  1.5. 
of  this  report.  A simple  way  of  itemizing  each  element  of  the  network 
is  through  a nodal  numbering  scheme.  A node  is  placed  at  each  build- 
ing to  be  considered  for  EMCS  connection.  Additional  nodes  are  placed 
at  any  point  in  the  transmission  path  where  data  from  two  or  more 
buildings  meet  to  travel  along  the  same  path.  These  nodes  would 
occur  anywhere  a branch  to  a building  or  buildings  occurs  in  the 
transmission  cable.  Each  node  is  assigned  a unique  identifying  number. 
By  estimating  the  total  cost  of  the  data  transmission  system  between 
each  node,  the  information  necessary  to  perform  the  prioritization 
analysis  is  obtained.  Special  cases  of  this  approach  occur  at  each 
building.  In  addition  to  the  cost  of  cable  from  the  node  at  a building 
to  the  next  upstream  node  in  the  data  path,  the  cost  of  the  first  field 
interface  device  must  be  added  into  that  element  of  cost.  This  is  to 
account  for  the  "connect  cost"  for  that  building.  If  telephone  trans- 
mission is  used  for  a building,  then  the  node  at  that  building  is  dia- 
gramatically  connected  directly  to  the  node  at  the  building  in  which  the 
central  control  center  is  located.  The  cost  for  this  node  to  node  trans- 
mission segment  is  then  the  cost  of  the  FID  in  the  remote  building,  plus 
the  cost  of  a pair  of  modems  for  the  telephone  line. 

Once  the  proposed  transmission  system  layout  is  complete,  the  nodal 
system  must  be  summarized  for  use  in  the  prioritization  analysis. 
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3.9.1  SUMMARY  OF  STEPS: 


Determine  criteria  or  type  of  transmission  media  to  be  em- 
ployed (all  telephone  or  primarily  contractor  installed  cable). 

Identify  buildings  considered  for  EMCS  connection  on  Base 


3.  Place  and  number  node  at  each  building  being  considered. 

4.  If  all  telephone  transmission  is  to  be  used,  go  to  step  8. 

5.  Sketch  transmission  media  routing  on  Base  map  according  to 
existing  conditions  (existing  poles,  etc.). 

6.  Analyze  extremeties  of  cable  routing  for  feasibility  of  cable 
over  telephone  use. 

7.  Place  and  number  node  at  each  branch  of  the  data  trans- 
mission path. 

8.  Diagrammati cal ly  connect  nodes  at  buildings  using  telephone 
transmission  to  node  at  central  control  center. 

9.  Estimate  transmission  system  cost  (cable,  poles,  trenching, 
etc.)  between  each  node. 

10.  Add  field  interface  device  cost  to  node  to  node  section  con- 
necting into  each  building. 

11.  Tabulate  node  to  node  cost  data  for  use  in  prioritization 
analysis. 
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TRANSMISSION  CABLE  LAYOUT 


TRANSMISSION  NODAL  DATA 


UPSTREAM 
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$ 
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FIGURE  75  - TRANSMISSION  NODAL  DATA 


3.10  CENTRAL  SYSTEM  CONFIGURATION 

Central  System  Configuration  is  the  conceptual  design  of  the  central 
EMCS  equipment  and  software  and  its  cost  estimation.  In  addition, 
related  items  such  as  EMCS  operator  costs,  maintenance  costs,  and 
training  costs  are  included  in  the  investigation  of  this  area. 

3.10.1  SUMMARY  OF  STEPS 

1*  List  equipment  to  be  contained  in  the  central  control  center  and 
estimate  cost. 

2.  Estimate  cost  of  annual  maintenance  contract. 

3.  Estimate  number  of  operators  required  and  cost. 

3.10.2  EXAMPLE; 

The  central  control  center  costs,  maintained  costs,  and  operator  costs 
are  shown  on  Figure  76. 
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CENTRAL  CONTROL  CENTER  COST 


CPU 

$ 40,000 

Disk 

30,000 

Console 

6,000 

Corn  Mux 

5,000 

Printers 

8,000 

$ 89,000 

Hardware 

Operating  System 

$ 20,000 

Time  Scheduled 

15,000 

Optimized  S/S 

4,000 

Duty  Cycling 

3,000 

Demand  Limiting 

3,700 

Enthalpy  Control 

2,500 

$ 34,700 

Software 

TOTAL 

$123,700 

(This  is  unrealistic  for  a 5 building  example  so  instead  use  $25,000  for 


central  control  center  cost.) 


MAINTENANCE  COST: 

Use  5%  of  total  installed  cost  per  year  as  annual  maintenance  cost. 
OPERATOR  COST: 


Assume  one  operator  at  a cost  of  $20, 000/year . 


FIGURE  76  - CENTRAL  CONTROL  CENTER  COSTS,  MAINTAINED  COSTS, 


AND  OPERATOR  COSTS 


3.11  PRIORITIZATION  ANALYSIS 


The  Prioritization  Analysis  is  the  final  ranking  of  EMCS  system  func-  ' 

tions  on  a base-wide  basis.  This  analysis  takes  into  account  the  "geo- 
graphy cost"  aspects  of  the  EMCS  data  transmission  network  as  des- 
cribed in  Section  1.5  of  this  report.  The  end  result  of  the  Prioritiz- 
ation Analysis  is  a list  of  all  system/functions  considered  for  EMCS 
connection,  ranked  from  best  to  worst,  based  on  providing  the  most 
savings  for  the  least  investment. 

Geography  cost  is  accounted  for  in  the  final  prioritization  process. 

Because  geography  cost  is  relevant  only  on  a building  by  building 
basis,  the  system/function  prioritization  process  must  also  be  organized 
along  those  lines.  The  system/functions  being  considered  for  EMCS 

connection  must  be  grouped  based  on  the  building  in  which  they  occur.  ' 

For  each  building,  these  system/functions  are  sorted,  based  on  payback 

period,  to  form  a table  for  use  in  the  prioritization  analysis.  After  the 

tables  are  prepared  for  each  building,  the  geography  cost  to  connect 

each  building  must  be  estimated.  This  cost  includes  all  items  not 

directly  associated  with  the  performance  of  a particular  function  (FID, 

power  supply,  transmission  cable,  etc.)  and  is  calculated,  assuming  no 

other  buildings  are  being  considered.  The  geography  cost  for  each 

building  is  then  combined  with  the  tabulated  system/  functions  for  that 

building  until  the  best  combination  (from  a payback  period  standpoint)  ] 

of  system/functions  is  found  for  each  building.  The  building  with  the  j 

best  combined  payback  period  is  then  selected  to  be  the  first  building  j 

connected  to  the  EMCS.  The  best  system/function  in  that  building  is  ! 

placed  on  the  top  of  the  prioritized  system/function  listing.  Because 
parts  of  the  transmission  network  may  be  common  to  several  buildings 
(in  the  case  of  contractor  furnished  transmission  cable),  the  geography 
cost  for  each  building  must  be  recalculated  after  each  building  is  con- 
nected. The  revised  geography  cost  is  then  used  to  recalculate  a best 
combined  payback  period  for  each  building  not  yet  connected  to  the 
EMCS.  These  revised  building  payback  periods  are  then  compared  to 
each  other  and  to  the  best  individual  system/functions  in  buildings 
already  connected,  to  determine  the  next  system/function  to  be  added 
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to  the  prioritized  list.  This  process  is  repeated  until  all  system/fun- 
ctions in  all  buildings  have  been  placed  on  the  prioritized  list. 

3.11.1  SUMMARY  OF  STEPS: 

1.  Group  and  rank  functions  applicable  to  systems  within  each  build- 
ing. 

2.  Estimate  geography  cost  to  connect  each  building. 

3.  Combine  geography  cost  with  functions  for  each  building  until 
optimum  payback  configuration  is  found  for  each  building. 

4.  Select  building  with  best  combined  payback  period  and  place  top 
system/function  for  that  building  on  the  prioritized  system/function 
list. 

5.  Calculate  revised  geography  cost. 

6.  Repeat  steps  3,  4,  and  5 until  all  system/functions  have  been 

placed  on  the  prioritized  system/function  list. 

3.11.2  EXAMPLE: 

Figures  77  thru  82  illustrate  the  prioritization  calculations  for  John  Doe 

AFB. 
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FIGURE  77  - PRIORITIZATION  CALCULATIONS  FOR  JOHN  DOE  A.F.B. 
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FIGURE  79  - PRIORITIZATION  CALCULATIONS  FOR  JOHN  DOE  A.F.B. 
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CONNECT  COST/OPTIMUIVI  PAYBACK 


PASS 


BLDG 

INITIAL 

2ND 

3RD 
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0 

.635 

.635 

- 
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5.17 
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0 
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- 

* 
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2500 

4.54 

2.92 

2.92 

500 

6700 

5200 

5200 

1.61 

1.27 

1.272 

CALCULATE  CONNECT  COST  FROM  TRANSMISSION  NODAL  DATA 
(FIGURE  9.2). 

CALCULATE  OPTIMUM  PAYBACK  BY  SELECTING  THE  CUMUL- 
ATIVE COST  (FIGURE  77  THRU  79  ) WHICH  WHEN  ADDED  TO 
THE  CONNECT  COST  AND  DIVIDED  BY  THE  ASSOCIATED  CUMU- 
LATIVE SAVINGS  GIVES  THE  LOWEST  PAYBACK  FOR  THE  PART- 
ICULAR BUILDING. 


FIGURE  80  - PRIORITIZATION  CALCULATIONS  FOR  JOHN  DOE  A.F.B. 
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FIGURE  81  - PRIORITIZATION  CALCULATIONS  FOR  JOHN  DOE  A.F.B 
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figure  82  - PRIORITIZATION  CALCULATIONS  FOR  JOHN  DOE  A.F,.B 


3.12  FINAL  EMCS  CONFIGURATION 


Once  the  prioritized  list  of  system/functions  has  been  prepared,  the 
final  EMCS  configuration  may  be  determined.  The  cost  to  perform  each 
system/function  is  cumulated  along  with  the  central  control  center  cost. 
Once  the  cumulated  total  reaches  the  maximum  budget  for  the  project, 
system/functions  above  that  point  on  the  list  become  the  final  EMCS 
configuration.  System/functions  below  that  point  on  the  list  are  deleted 
from  consideration.  The  savings  resulting  from  the  system/  functions 
in  the  final  configuration  are  totalled  to  determine  the  gross  annual 
savings  for  the  EMCS.  By  subtracting  the  annual  maintenance  costs 
and  operator  cost  from  the  gross  savings,  the  net  annual  savings  is 
determined.  This  figure  is  divided  into  the  total  cumulated  cost  to 
determine  the  overall  payback  period. 

3.12.1  SUMMARY  OF  STEPS: 

1.  Add  costs  (including  central  control  center)  of  each  system/ 
function  on  prioritized  list  until  total  reaches  budget  amount. 

2.  Delete  system/functions  on  prioritized  list  below  the  point  found  in 
Step  1 . 

3.  Total  savings  for  system/functions  remaining  on  list  to  obtain 
gross  annual  savings. 

4.  Subtract  annual  maintenance  and  operator  cost  to  determine  net 
savings. 

5.  Calculate  overall  optimized  EMCS  payback  period  using  net  savings 
and  total  construction  cost  estimate. 

6.  Proceed  with  final  design  of  an  LMCS  contigur'ation  im  luding  the 
system/'tunctions  on  the  final  prioritized  list. 

! 
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3.12.2 


EXAMPLE: 


The.  cumulated  cost  and  overall  economic  analysis  described  in  Steps  I 
thru  5 above  are  illustrated  on  Figures  83  and  84. 
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If  the  budget  for  this  project  is  $65,000,  up  to  65,000-25,000  (Central 
Equipment  Cost)  = $40,000  is  available  for  transmission  system  and  field 
point  costs.  Given  this  value  the  cutoff  line  may  be  found  as: 
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FIGURE  83  - CUMULATIVE  COST  & OVERALL  ECONOMIC  ANALYSIS 


From  FIGURE  83 

Cost: 

Central  Equipment  = $25,000 

Field  Equipment  = 39,890 

Total  Cost  = $64,890 

Savings : 

Total  Savings  = $38, 624/year 

Net  Savings  = 

Total  Savings  - Operator  Cost  - Maintenance  Cost 
38,624  - 20,000  - (0.05  x 64,890) 

= $15, 379/year 

Payback  Period  = 64,890 

' — = 4.2  years 

15,379 
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FIGURE  84  - CUMULATIVE  COST  & OVERALL  ECONOMIC  ANALYSIS 


4.0  EMCS  SKELTON  PERFORMANCE  SPECIFICATIONS 


4.1  INTRODUCTION 

The  purpose  of  this  section  is  to  develop  skeleton  performance  spec- 
ifications for  EMCS  procurement  and  application.  This  development  has 
been  performed  in  such  a manner  that  once  the  information  from  the 
identification  and  prioritization  procedures  is  available  and  has  been 
verified  by  field  inspection  of  the  functions  specified,  engineering 
personnel  will  be  able  to  select  appropriate  portions  of  the  specification 
addressing  performance  of  these  functions  and  prepare  a final  document 
appropriate  for  contract  acquisition  of  an  EMCS. 

To  do  this  work,  a performance  specification  framework  or  skeleton 
has  been  developed  on  which  actual  project  specifications  may  be  built. 

This  work  does  not  include  the  development  of  a "guide"  specification 
as  such.  Instead,  it  outlines  items  to  be  included  in  an  EMCS  specifi- 
cation and  performance  approach  toward  specifying  them. 
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4.2  CONTRACT  DOCUMENTS  OVERVIEW 


Before  examining  the  nature  of  a performance  specification,  it  is 
necessary  to  discuss  the  role  the  specification  plays  in  the  procurement 
of  an  ENERGY  MONITORING  AND  CONTROL  SYSTEM  (EMCS). 

The  first  stage  in  the  EMCS  procurement  process  is  the  design  phase. 
The  two  steps  required  during  this  phase  are 

1)  Determine  what  the  EMCS  is  to  do. 

2)  Prepare  contract  documents  for  the  procurement  of  the  items 
defined  in  step  I. 

The  first  step  is  the  object  of  primary  interest  in  other  volumes  of 
this  report.  The  second  step  is  the  primary  area  discussed  in  this 

section. 

Once  what  the  EMCS  is  to  do  is  determined,  that  information  should 
be  translated  smoothly  into  contract  document  form.  These  contract 
documents  may  then  be  used  to  procure  the  EMCS.  Various  procure- 
ment methods  may  be  used  (invitation  for  bid,  request  for  technical 
proposal,  etc.)  but  these  should  have  very  little  effect  on  the  prepar- 
ation or  content  of  contract  documents. 

In  general,  all  contract  documents  must  accomplish  two  tasks.  Accord- 
ing to  the  Construction  Specifications  Institute  (CSI),  they  must 

! I)  Precisely  describe  design  to  bidders. 

2)  Precisely  describe  design  to  engineering  field  representatives. 

1 
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In  addition  to  these  general  requirements,  EMCS  contract  documents 
must 

1)  Clearly  define  the  EMCS  performance  requirements. 

2)  Define  specific  characteristics,  methods,  or  equipment  to  be 
used  to  meet  the  performance  requirements. 

The  EMCS  performance  requirements  should  be  defined  before  the 
specific  methods  or  equipment  used  to  accomplish  those  requirements  are 
determined. 

In  order  to  link  the  analysis  procedures  discussed  in  other  volumes  of 
this  study  to  the  EMCS  contract  document  requirements  described 
above,  two  primary  focal  points  may  be  established.  Those  points  are 
the  concepts  of  EMCS  "functions"  and  energy  consuming  "systems". 
These  concepts  are  discussed  in  Section  I of  this  report.  Their  de- 
finitions are  repeated  here; 

What  an  EMCS  does  is  called  an  EMCS  "function".  A function  is 
defined  as  a specific  independent  operational  capability.  A func- 
tion generally  consists  of  several  independent  activities  (data 
gathering  and/or  control  commanding)  linked  together  by  logic  to 
accomplish  a specific  purpose.  Examples  of  EMCS  functions  are 
starting  or  stopping  of  equipment  based  on  the  time  of  day,  en- 
thalpy based  control  of  an  air  handler  economizer,  or  reset  of  a 
multizone  air  handler  hot  deck  based  on  the  zone  with  greatest 
heating  demand.  A single  function  may  require  the  use  of  several 
sensors  and/or  actuators  to  perform  its  task.  Conversely,  it  is 
true  that  a particular  sensor  or  actuator  may  be  used  as  a part  of 
the  performance  of  several  different  functions. 

An  EMCS  performs  its  functions  on  "systems".  A system,  from  an 
EMCS  viewpoint,  is  defined  as  a group  of  energy  consuming  de- 
vices which  operate  together  to  perform  a single  common  task. 
Individual  items  of  equipment  within  a system  do  not  operate 
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independently  of  each  other.  From  a control  and  analysis  stand- 
point, a system  will  be  considered  to  be  completely  independent  of 
the  operation  of  any  other  system.  It  is  important  to  realize  that 
an  EMCS  function  must  be  applied  to  an  entire  system  and  not  just 
to  a particular  item  of  equipment  within  that  system.  For  example, 
if  consideration  is  given  only  to  the  operation  of  a particular  motor 
instead  of  the  system  of  which  that  motor  is  a part,  installation 
and  operational  problems  will  occur  from  improper  consideration  of 
local  controls,  motor  interlocks,  and  other  items  to  which  the  EMCS 
must  interface  to  be  effective.  This  also  makes  effective  energy 
reduction  control  difficult,  and  the  objective  engineering  estimation 
of  the  savings  resulting  from  that  control  impossible. 

EMCS  contract  documents  must  clearly  define  what  each  EMCS  function 
is  and  how  it  is  to  be  performed.  The  energy  consuming  systems  to 
which  the  functions  are  to  be  applied  must  also  be  clearly  defined  along 
with  specifying  exactly  how  each  function  is  installed  and  operated  on  a 
particular  system. 

Theoretically,  a set  of  contract  documents  could  be  prepared  for  the 
procurement  of  an  EMCS  which  would  contain  only  the  following: 

1)  Definition  of  EMCS  functions  to  be  provided 

2)  Definition  of  energy  consuming  systems  present 

3)  Definition  of  which  EMCS  functions  are  to  be  performed  on 
each  energy  consuming  system  present. 

This  approach  has  its  limitations  and  in  practice  would  be  impossible 
to  implement  in  its  purest  form.  It  does,  however,  offer  a logical 
means  to  relate  EMCS  contract  documents  to  traditional  contract  docu- 
ments used  in  the  building  industry. 
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The  contract  documents  used  in  the  building  industry  traditionally 
consist  of  three  parts.  These  are 

1)  Contractual  - Legal  Requirements 

2)  Specifications 


3)  Drawings. 

The  first  of  these  parts,  the  Contractual-  Legal  Requirements  (often 
referred  to  as  "boilerplate"),  would  basically  be  the  same  for  EMCS 
contract  documents  as  for  any  other  building  project.  The  specifi- 
cations and  drawings  for  an  EMCS  project  may  be  related  to  the  basic 
function  and  system  concepts  discussed  above. 

Because  all  technical  requirements  for  an  EMCS  must  either  be  stated 
on  the  drawings  or  in  the  specifications,  some  ground  rules  as  to  what 
should  be  contained  in  each  should  be  established.  Returning  to  the 
three  items  discussed  above  which  theoretically  could  completely  define 
an  EMCS,  a simple  division  between  specifications  and  drawings  may  be 
determined.  The  qualities  which  make  this  division  possible  are  that 
specifications  may  be  relatively  portable  from  one  project  to  the  next, 
while  drawings,  other  than  a few  standard  details,  generally  are  not. 
The  "Definition  of  EMCS  functions  to  be  provided"  as  part  of  the  the- 
oretical EMCS  contract  documents  would  be  very  similar  from  project  to 
project  and  therefore  should  appear  in  the  specifications.  On  the  other 
hand,  the  physical  location  of  energy  consuming  systems  to  which  those 
functions  are  to  be  applied  and  the  definition  of  which  functions  are  to 
be  applied  to  a particular  system  are  unique  for  each  project.  These 
items  are  logically  and  most  easily  included  on  the  drawings. 

The  purpose  of  this  volume  is  to  develop  skeleton  performance  specif- 
ications. Subsequent  sections  address  this  in  detail.  The  above  dis- 
cussion has  been  included  primarily  to  illustrate  what  is  not  in  EMCS 
specifications.  Although  specifications  are  an  important  part  of  the 
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final  set  of  contract  documents,  the  drawings  which  correspond  to  the 
specification  are  equally  important.  They  include  the  detailed  require- 
ments for  a particular  project.  A perfect  specification  may  still  result 
in  a dismal  failure  of  an  EMCS  if  the  specific  requirements  for  the 
project  are  not  clearly  defined  on  the  drawings.  The  drawings  must 
show  exactly  what  devices  are  required  to  perform  an  EMCS  function  on 
a particular  type  of  system  (similar  to  the  schematics  contained  in 
Section  2 of  this  report).  They  must  also  define  the  location  of  each 
system  to  be  connected  to  the  EMCS,  what  type  of  system  each  is,  and 
what  EMCS  functions  are  to  be  provided  for  that  particular  type  of 
system. 

One  final  item  should  be  noted  in  an  overview  of  EMCS  contract 
documents.  That  item  is  the  need  for  contract  documents  to  be  defin- 
itive. Contract  documents  for  EMCS  procurement  must  fully  describe 
the  exact  performance  required.  Although  this  should  be  an  objective 
of  every  set  of  contract  documents,  in  the  past  it  has  not  been  fully 
implemented  in  EMCS  procurements  because  of  the  nature  of  past  gener- 
t ations  of  EMCS  systems.  At  one  time,  an  EMCS  was  available  only  as  a 

completely  packaged  system.  These  systems  were  inflexible  and  very 
difficult  to  adapt  to  requirements  outside  their  normal  packaged  appro- 
ach. Because  of  this,  contract  documents  had  to  be  prepared  in  what 
could  be  called  a "lowest  common  denominator"  form,  i.e.,  only  those 
functions  which  were  common  among  several  manufacturers  could  be 
included.  This  was  because  a manufacturer  would  be  eliminated  from 
bidding  if  a requirement  was  included  which  was  not  a part  of  his 
standard  package  system.  A comforting  aspect,  however,  was  that, 
supposedly,  the  standard  package  systems  provided  would  have  cap- 
abilities beyond  that  called  for  in  the  contract  documents.  This  appro- 
ach is  still  widely  used  in  the  procurement  of  systems  similar  to  an  1 

EMCS.  It  is  no  longer  valid  in  the  procurement  of  an  EMCS.  ' 

With  the  heavy  computerization  of  EMC  systems  and  the  greatly  widen- 
ed competition  in  the  area,  flexibility  is  now  much  more  common  thr- 
oughout the  EMCS  industry.  Both  the  newer  systems  houses  and  the  ! 

ol.der  conventional  controls  EMCS  manufacturers  have  evolved  their 
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systems  to  provide  much  more  flexibility,  primarily  through  the  use  of 
software.  This  change  from  the  old  packaged  EMCS  approach  has 
brought  about  a new  problem  in  the  preparation  of  contract  documents. 
The  manufacturers  are  so  flexible  now  that  unless  a definitive  set  of 
contract  documents  is  provided,  they  cannot  adequately  serve  the  needs 
of  the  user.  Unless  a particular  requirement  is  clearly  spelled  out  in 
the  specifications  or  on  the  drawings,  that  requirement  will  not  be 
provided  for  in  the  EMCS. 

There  are  two  approaches  to  solving  this  problem.  One  is  to  provide 
a performance  requirement  for  each  facet  of  the  EMCS  and  the  other  is 
to  take  a detailed  prescriptive  approach  to  the  contract  document  pre- 
paration. These  alternatives  are  discussed  in  subsequent  Sections  of 
this  volume. 


4.3  NATURE  OF  PERFORMANCE  SPECIFICATIONS 
There  are  two  basic  classes  of  specifications: 

1)  Performance 

2)  Prescriptive 

A performance  specification  states  the  results  to  be  achieved.  A 
prescriptive  specification  describes  a means  for  achieving  desired,  but 
normally  unstated,  ends.  Each  of  these  methods  has  advantages  and 
disadvantages. 

In  selecting  the  appropriate  method  the  specifier  should  answer  these 
questions; 

1)  What  method  can  best  produce  the  required  results? 

2)  What  degree  of  control  must  be  retained  over  product  selec- 
tion? 

3)  How  will  the  choice  of  method  affect  final  cost? 

Each  of  the  specification  types  offers  its  own  special  advantages. 

The  primary  type  of  prescriptive  specification  is  the  descriptive  type. 
A descriptive  specification  describes  in  detail  the  characteristics  of  a 
product.  It  allows  the  specifier  to  prescribe  exactly  what  he  wants. 
However,  writing  a thorough  descriptive  specification  is  a time  con- 
suming, difficult  process,  usually  resulting  in  voluminous  requirements. 
High  levels  of  technological  proficiency  and  writing  skills  are  required 
to  produce  a thorough  descriptive  specification.  Descriptive  specifi- 
cations tend  to  increase  conflicts  between  drawings  and  specifications. 
The  sheer  length  of  a descriptive  specification  tends  to  hide  omission  of 
essential  requirements.  Descriptive  specifications  have  a psychological 
disadvantage  compared  with  shorter  forms.  By  adding  to  the  volume  of 
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material  that  must  be  carefully  read,  descriptive  specifications  may  add 
costs  by  increasing  the  possibility  of  non-standard  items,  loopholes, 
and  discrepancies. 


A performance  specification  does  not  describe  the  required  product;  it 
describes  instead  what  the  product  must  do  to  be  accepted.  Perfor- 
mance specifications  are  difficult  to  write.  They  require  a thorough 
understanding  of  the  desired  end  result.  Two  key  elements  in  a per- 
formance specification  are: 

1)  a definition  of  each  requirement  or  criterion  that  the  product 
must  satisfy. 

2)  a corresponding  method  by  which  each  requirement  can  be 
tested . 

Performance  specifications  are  ideal  for  the  development  of  new  con- 
struction elements  or  systems.  They  have  little  or  no  advantage  in 
describing  packaged  systems,  except  to  provide  for  competition.  Per- 
formance specifications  stimulate  competitive  bidding.  Performance 
standards  promote  development  of  new  products  or  established  products 
for  which  there  are  no  references. 

It  is  not  practical  to  write  a pure  performance  or  pure  prescriptive 
specification.  An  EMCS  specification  requires  a mixture  of  the  two 
approaches  to  achieve  success.  The  performance  approach  must  be  the 
starting  point.  This  is  the  method  with  which  the  EMCS  user  can 
1 usually  identify.  Through  performance  specifications,  the  engineers 

I and  technicians  in  the  field  can  identify  and  expand  on  their  needs  and 

I requirements.  Performance  specifications  are  also  ideal  from  the  stand- 

point of  encouraging  wide  competition.  On  the  other  hand,  the  desir- 
I able  qualities  of  reliability  and  standardization  for  ease  of  maintenance 

and  non-proprietary  expandability,  require  prescriptive  type  specifi- 
cations. It  must  also  be  kept  in  mind  that  whatever  specification  is 
I produced  must  be  enforceable  to  be  effective. 

I 
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Before  deciding  how  much  of  the  specifications  should  be  performance 
oriented  and  how  much  prescriptive,  the  desired  specification  char- 
acteristics should  be  defined.  This  task  is  undertaken  in  subsequent 
Sections  of  this  report. 
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4.4  DESIRED  EMCS  SPECIFICATION  CHARACTERISTICS 


In  order  to  produce  an  EMCS  project  specification,  certain  character- 
istics and  areas  should  be  identified  as  goals.  These  goals  fall  into 
two  general  categories.  One  category  is  items  relative  to  the  specific- 
ation itself,  while  the  other  category  is  items  which  relate  to  the  EMCS 
to  be  procured  with  the  specification. 

The  EMCS  project  specification  should  have  the  following  qualities: 

1)  DEFINITIVE 

2)  ENFORCEABLE 

3)  UNDERSTANDABLE 

4)  LOGICAL 

5)  COMPLETE 

6)  ACCURATE 

7)  PRECISE 

8)  OPEN 

The  specification  should  be  definitive.  It  must  clearly  state  and 
define  every  desired  characteristic  or  item  which  the  EMCS  is  to  have. 

It  must  be  enforceable.  It  must  tell  the  contractor  what  shall  be 
done  and  not  leave  decisions  to  the  contractor's  discretion.  The  speci- 
fication should  be  written  with  the  enforcing  authority  in  mind.  If  the 
inspector  normally  works  with  plumbing  piping,  but  is  required  to 
supervise  the  EMCS  construction,  he  cannot  be  expected  to  enforce 
specification  requirements  written  for  data  processing  personnel. 


4-11 


The  specification  should  be  understandable.  Clean,  simple,  and 
direct  sentences  should  be  used.  Words  with  multiple  meanings  should 
be  avoided.  When  reading  the  specification,  the  EMCS  contractor 
should  not  have  to  interpret  the  meaning  of  a sentence  based  on  the 
context  of  the  particular  section  of  the  specifications,  paragraph, 
division,  etc. 

Logical  organization  is  very  important  in  an  EMCS  specification.  The 
specification  must  be  logical  and  easy  to  follow  for  all  parties  involved 
including  base  engineers,  maintenance  engineers,  designers,  procure- 
ment personnel,  and,  of  course,  contractor  personnel. 

A complete  specification  is  needed  for  EMCS  procurement.  Specifi- 
cations must  cover  all  aspects  of  the  EMCS.  The  specifications  should 
not  concentrate  on  a particular  area  in  great  detail  while  leaving  other 
areas  undefined  or  unclear. 

The  specification  should  be  accurate.  If  a publication  or  standard  is 
referred  to,  the  exact  and  current  name  and  number  should  be  referred 


The  specification  should  be  as  precise  as  possible.  Exact  numerical 
requirements  should  be  stated  wherever  possible.  Phrases  such  as 
"adequate  quantity"  should  be  avoided. 

Finally,  the  specification  should  be  "open"  from  a bidder's  standpoint. 
Requirements  which  unnecessarily  restrict  competition  should  not  be 
included.  The  maximum  number  of  manufacturers  should  be  encouraged 
to  bid. 

Besides  the  characteristics  of  the  specification  listed  above,  there  are 
certain  highly  desirable  characteristics  of  the  EMCS  which  should  also 
be  kept  in  mind.  These  are: 


J 
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I)  CONSERVE  ENERGY 


2)  MAINTAINABLE 

3)  ACCURATE 

4)  EXPANDABLE 

5)  RELIABLE 

6)  USABLE 

7)  MINIMIZE  COST 

Above  all  other  considerations,  the  purpose  of  the  EMCS  must  be  kept 
in  mind.  That  purpose  is  to  conserve  energy.  In  deciding  which 
requirements  to  include  during  the  EMCS  project  specification  produc- 
tion, the  specification  writer  must  always  first  ask  himself  "Does  it  save 
energy?" . 

The  EMCS  must  be  maintainable.  It  must  contain  self-diagnostic 
functions  to  isolate  failures  of  individual  components.  Once  the  failure 
is  isolated,  the  component  must  be  easily,  replaceable  or  repairable. 
The  EMCS  should  be  as  simple  as  possible  to  reduce  maintenance  pro- 
blems. The  EMCS  should  be  accurate.  Laboratory  precision  is  not 
needed  but  reasonable,  repeatable  accuracy  is  a necessity.  The  system 
must  gain  the  confidence  of  its  operators  and  users  if  it  is  to  be  effec- 
tive. False  signals  and  inaccurate  readings  do  not  gain  confidence. 

Expandability  is  a major  problem  in  EMCS  procurement.  It  is  highly 
desirable  that  the  expansion  of  an  existing  EMCS  be  competitively  bid. 
This  can  only  be  controlled  by  action  in  the  design  and  installation  of 
the  original  system.  If  not  properly  handled  at  that  stage,  the  expan- 
sion of  the  system  may  have  to  be  through  a sole  source  procurement 
j contract  with  the  original  system  manufacturer.  Past  experience  indi- 


cates this  to  be  an  expensive  proposition  compared  to  a competitive  bid 
situation . 


Reliability,  like  accuracy,  is  very  important  to  the  gaining  of  operator 
and  user  confidence.  If  the  EMCS  spends  a substantial  amount  of  time 
in  an  inoperative  condition,  the  user  cannot  learn  to  rely  on  the  EMCS 
and  thus  will  not  use  its  capabilities  in  the  most  effective  manner. 

Another  area  requiring  consideration  is  that  of  EMCS  usability.  The 
EMCS  must  be  easily  operated  and  available  personnel  must  be  able  to 
perform  at  least  basic  tasks  with  a minimum  of  training.  Overwhelming 
a user  with  complicated  capabilities  he  is  not  able  to  use  can  have  the 
same  disintegrating  effect  on  confidence  as  inaccurate  readings  or 
extended  down  time. 

Of  course,  the  final  judgement  of  any  item  is  in  its  cost.  Every  item 
which  goes  into  an  EMCS  should  be  evaluated  for  its  effect  on  overall 
cost  of  the  system.  Items  that  may  be  desirable  from  an  accuracy, 
reliability,  usability,  etc.,  standpoint  may  drastically  affect  prices, 
particularly  when  dealing  in  areas  not  commonly  available  in  commercial, 
standard,  EMC  systems. 


4.5  APPROACH 


The  first  step  in  the  development  of  a skeleton  EMCS  performance 
specification  is  to  define  an  EMCS  as  a "black  box".  Theoretically,  a 
pure  performance  specification  would  define  all  the  inputs  and  outputs 
to  that  black  box  and  say  nothing  about  what  is  required  inside  the 
box.  This  is  a starting  point  in  the  development  of  an  EMCS  specifi- 
cation. Before  thinking  about  the  inputs  and  outputs  to  the  box,  its 
boundaries  must  be  established.  The  widest  possible  borders  are 
chosen  to  make  the  approach  as  general  as  possible.  These  boundaries 
are  the  operator  on  one  end  and  the  energy  consuming  systems  being 
monitored  and  controlled  on  the  other.  Everything  between  those  two 
points  belongs  in  the  black  box  labeled  EMCS. 

Note  that  four  data  flow  paths  exist  across  the  black  box  boundaries. 
Two  of  the  paths  transfer  data  into  the  EMCS.  These  are: 

1)  Operator  Commands 

2)  Monitored  System  Data 

The  other  two  paths  transfer  data  out  of  the  EMCS.  These  are: 

1)  Display  Operator  Information 

2)  System  Control  Actions 

It  would  seem  a simple  task  to  define  each  of  these  four  data  paths 
and  thus  have  a complete  EMCS  performance  specification.  This  is  not 
the  case.  What  happens  within  the  black  box  is  more  than  just  a simple 
relationship  between  input  data  and  output  data.  The  logic  within  the 
black  box  can  be  and  is  quite  complicated.  The  logic  within  the  black 
box  in  fact  is  what  makes  it  an  EMCS. 


In  order  to  specify  an  EMCS,  the  logic  within  that  black  box  must  be 
specified  in  addition  to  the  data  paths  crossing  the  box  boundary.  An 
EMCS  contains  many  input-logic-output  paths.  Each  of  these  paths 
must  be  defined  in  order  to  specify  EMCS  performance.  EMCS  per- 
formance should  be  defined  before  any  discussion  of  what  hardware  or 
software  is  needed  to  accomplish  that  performance. 

Two  basic  types  of  input-logic-output  paths  occur  in  an  EMCS. 
These  are: 

1)  Applications 

2)  Operations 

The  applications  logic  paths  are  those  that  are  directly  related  to  the 
purpose  of  an  EMCS,  to  conserve  energy.  An  appropriate  label  for 
these  paths  is  that  of  "application  functions".  This  term  has  been  used 
in  other  volumes  of  this  report  and  provides  a link  between  the  per- 
formance specification  of  an  EMCS  and  the  analysis  techniques  developed 
under  this  study. 

The  operations  logic  paths  are  those  not  directly  related  to  energy 
conservation  but  necessary  to  the  support  of  the  applications  functions 
and  the  operation  of  the  EMCS  itself.  These  paths  will  be  referred  to 
as  "operations  features"  of  an  EMCS. 

By  specification  of  all  applications  functions  and  operations  features, 
along  with  their  associated  data  paths,  an  EMCS  can  be  totally  defined 
from  a performance  standpoint.  A pure  EMCS  performance  specification 
would  define  those  two  areas  and  that  is  all. 

Practically,  a pure  performance  specification  is  not  possible,  some 
prescriptive  requirements  must  occur  in  an  EMCS  specification.  These 
requirements  are  needed  to  assure  EMCS  maintainability,  expandability, 
reliability,  and  usability.  The  prescriptive  requirements  should  only  be 
included  to  obtain  these  qualities  and  should  not  restrict  the  use  of  new 
or  different  approaches  and  technology. 
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In  addition,  standard  general  requirements  must  accompany  any 
construction  specification  regarding  shop  drawings,  schedules,  verifi- 
cation of  dimensions,  other  contract  documents,  etc.  These  require- 
ments must  be  defined  in  a separate  section  of  the  specification. 

Thus  it  would  appear  the  EMCS  specification  would  logically  be  div- 
ided into  four  sections.  One  section  would  contain  standard  general 
paragraphs,  two  sections  would  contain  performance  requirements  for 
applications  functions  and  operations  features,  and  the  final  section 
would  contain  prescriptive  requirements  defining  particular  items  of 
equipment,  software,  or  methods  to  be  used.  This  last  section  defines 
the  EMCS  configuration. 

In  summary,  the  approach  to  be  used  for  an  EMCS  skeleton  perform- 
ance specification  will  be  to  develop  the  specification  around  the  follow- 
ing sections: 

1)  GENERAL 

2)  EMCS  APPLICATIONS  FUNCTIONS 

3)  EMCS  OPERATIONS  FEATURES 

4)  EMCS  CONFIGURATION 
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4.6  EMCS  PERFORMANCE  SPECIFICATION  OUTLINE 

The  primary  purpose  of  this  volume  is  to  develop  a skeleton  EMCS 
specification.  To  accomplish  this,  an  outline  of  topics  to  be  covered 
under  each  of  the  four  specification  sections  discussed  in  Section  5.0 
has  been  prepared.  This  outline  provides  a framework  around  which 
the  EMCS  design  engineer  may  build  a performance  oriented  specifi" 
cation  for  a particular  project.  Items  listed  in  the  outline  are  described 
and  discussed  in  Section  4.7  of  this  Volume. 

The  intent  of  the  information  contained  herein  is  not  to  provide  a 
"guide  specification"  for  immediate  use  in  EMCS  procurement.  Instead, 
a method  for  preparing  a performance  oriented  EMCS  specification  which 
is  compatible  with  the  analysis  techniques  developed  under  this  study  is 
presented.  Examples  of  specification  sections  prepared  according  to 
this  approach  are  included  in  APPENDIX  Al.  These  examples  should 
not  be  used  directly  as  a guide,  they  have  been  prepared  strictly  for 
illustrative  purposes.  The  preparation  of  a final  project  specification 
ready  for  bidding  will  require  detailed  investigation  of  all  areas  of  the 
specification.  This  investigation  must  be  carried  out  on  an  individual 
project  basis  and  is  beyond  the  scope  of  this  investigation. 


The  EMCS  PERFORMANCE  SPECIFICATION  OUTLINE  is  contained  on 
the  following  pages; 


ENERGY  MONITORING  AND  CONTROL  SYSTEM 
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PERFORMANCE  SPECIFICATION  OUTLINE 

DIVISION  13 


13.1  GENERAL 

13.1. 1 APPLICABLE  PUBLICATIONS 

13.1.2  SCOPE  OF  WORK 

13.1.3  WORK  SPECIFIED  IN  OTHER  DIVISIONS 

13.1.4  OTHER  CONTRACT  DOCUMENTS 

13.1.5  SINGLE  SOURCE  RESPONSIBILITY 

13.1.6  MANUFACTURER'S  DATA 

13.1.7  PRODUCTS 

13.1.8  DELIVERY  AND  STORAGE 

13.1.9  MANUFACTURER'S  RECOMMENDATIONS 

13.1. 10  VERIFICATION  OF  DIMENSIONS 

13.1. 11  SAFETY  REQUIREMENTS 

13. 1.12  WELDING 

13. 1.13  WIRING 
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13. 1.14 


CONSTRUCTION  DAMAGE 


13. 1.15 

13. 1.16 

13. 1.17 

13. 1.18 

13. 1.19 

13.1.20 

13. 1.21 

13.1.22 

13.1.23 

13.1.24 

13.2 

13.2.1 

13.2.2 

13.2.3 

13.2.4 

13.2.5 


NAMEPLATES 

CONTRACT  PERFORMANCE  PERIOD 

EXISTING  CONTROLS 

TESTING 

TOOL  AND  SPARE  PARTS  LISTS 

MAINTENANCE  MANUALS 

WARRANTY 

MAINTENANCE  CONTRACT 

TRAINING 

ABBREVIATIONS  AND  DEFINITIONS 

EMCS  APPLICATIONS  FUNCTIONS 

DEFINITION 

TIME  SCHEDULED  OPERATION 

DUTY  CYCLING 

ELECTRICAL  DEMAND  LIMITING 

WARM  UP/NIGHT  CYCLE 


< 
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13.2.6 


ENTHALPY  ECONOMIZER 


13.2.7  SPACE  NIGHT  SETBACK 

13.2.8  HOT/COLD  DECK  RESET 

13.2.9  CHILLED  WATER  RESET 

13.2.10  CONDENSER  WATER  RESET 

13. 2. 11  OUTSIDE  AIR  SCHEDULE  RESET 

13.2.12  START/STOP  OPTIMIZATION 

13.2.13  BOILER  PROFILE  AND  OPTIMIZATION 

1 

13.2.14  CHILLER  PROFILE  AND  OPTIMIZATION 

13.2.15  MAINTENANCE  RUN  TIME  REPORTING 

13.2.16  TROUBLE  DIAGNOSIS 

13.2.17  CRITICAL  AREAS  MONITORING 

13.2.18  EXTENDED  SERVICE  CONTROL 

13.3  EMCS  OPERATIONS  FEATURES 

13.3.1  DEFINITION 

13.3.2  EMCS  STARTUP  AND  SHUTDOWN 

13.3.3  DATA  GATHERING 


1 


13.3.4  ACCESS  CONTROL 

13.3.5  MULTIPLE  OPERATOR  ACCESS 

13.3.6  OPERATOR  ASSISTANCE 

13.3.7  DISPLAY 

13.3.8  MANUAL  CONTROL 

13.3.9  ALARMS 

13.3.10  REPORTS 

13.3. 11  ADDITIONS  AND  MODIFICATIONS 

13.3.12  CONTROL  SEQUENCES 

13.3.13  SELF  DIAGNOSIS 

13.3.14  PARTIAL  FAILURE 

13.3.15  ORDERLY  SHUTDOWN 

13.3.16  POWER  INTERRUPTION 

13.4  EMCS  CONFIGURATION 

13.4.1  CONFIGURATION  OVERVIEW 

13.4.2  CENTRAL  EQUIPMENT 

13.4.3  FIELD  EQUIPMENT 
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4.7  OUTLINE  SPECIFICATION  DESCRIPTION 


i 
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To  use  the  specification  outline  presented  in  the  previous  section  this 
volume,  a brief  description  of  each  of  the  elements  of  the  outline  has 
been  prepared.  These  descriptions  provide  minimal  explanation  and 
guidance  to  the  EMCS  designer  in  the  research  necessary  to  turn  the 
skeleton  EMCS  performance  specification  into  a final  specification.  The 
description  is  as  follows: 

13.1  GENERAL:  This  section  should  contain  all  elements  of  the  spec- 
ification not  directly  related  to  a particular  EMCS  application  function 
or  operations  feature,  and  which  do  not  directly  describe  the  part- 
icular EMCS  configuration  desired.  Standard  construction  paragraphs 
from  Corps  of  Engineers  or  NAVFAC  guide  specifications  should  be 
included  in  this  section. 

13.1. 1 APPLICATION  PUBLICATIONS:  This  paragraph  should  contain 
accurate  and  current  listings  of  standards  and  publications  referred 
to  later  in  the  specification.  Only  items  referred  to  later  should  be 
listed  here.  This  paragraph  should  be  broken  into  subparagraphs 
with  each  subparagraph  containing  the  name,  number  and  data  for 
publications  by  a particular  group  or  standards  authority. 

13.1.2  SCOPE  OF  WORK:  All  specifications  require  some  description  of 
the  work  to  be  done  on  a particular  project.  This  paragraph  should 
be  used  to  describe  the  magnitude  of  the  particular  project  to  the 
potential  bidder.  This  paragraph  should  not  be  used  to  convey 
particular  requirements.  Unless  those  requirements  are  specified  or 
shown  elsewhere  in  the  contract  documents  in  detail,  listing  them  only 
under  the  SCOPE  OF  WORK  paragraph  will  probably  be  unenforceable. 

13.1.3  WORK  SPECIFIED  IN  OTHER  DIVISIONS:  Work  not  specified  in 
this  division  but  included  in  the  project  should  be  referred  to  here. 
Installation  of  ductwork,  dampers,  thermometer  wells,  etc.,  is  nor- 
mally part  of  Division  15.  Installation  of  conduit,  wiring,  power 
circuits,  poles,  etc.,  is  normally  part  of  Division  16.  These  should  be 
referenced  in  this  paragraph. 
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13.1.4  OTHER  CONTRACT  DOCUMENTS:  A list  of  other  contract 

documents  besides  the  specification  should  be  referred  to  here. 
These  include  contract  drawings,  reference  drawings,  I/O  Summaries 
if  provided  separately,  schematics,  etc.  Enough  information  should 
be  indicated  (beginning  drawings  numbers,  ending  drawing  numbers, 
etc.)  such  that  the  bidder  may  determine  whether  or  not  he  has 
received  a full  set  of  contract  documents. 

13.1.5  SINGLE  SOURCE  RESPONSIBILITY:  Because  it  is  common  for 
EMCS  contractors  to  build  systems  by  piecing  together  components 
purchased  from  various  manufacturers,  it  should  be  made  clear  that 
the  EMCS  contractor  is  personally  responsible  for  the  total  system  and 
all  its  components.  The  government  must  only  deal  with  one  contrac- 
tor , any  trouble  that  arises  from  component  failure  must  be  between 
the  EMCS  contractor  and  that  component's  manufacturer. 

13.1.6  MANUF.ACTURER'S  DATA:  This  paragraph  should  contain 

required  submittal  data,  shop  drawings,  control  diagrams,  standards 
compliance  certificaton , etc.  In  some  situations,  these  items  are 
listed  in  Division  I and  should  not  be  repeated  in  Division  13.  In 
either  case,  the  list  should  be  prepared  by  the  EMCS  designer  and  a 
reasonable  schedule  for  submittals  must  be  included. 

13.1.7  PRODUCTS:  Standard  paragraph  stating  materials  and  equip- 
ment shall  be  the  latest  standard  catalogued  products  of  a manufac- 
turer regularly  engaged  in  the  production  of  such  materials  and 
equipment. 

13.1.8  DELIVERY  AND  STORAGE:  Standard  paragraph  stating  mater- 
ials and  equipment  shall  be  delivered  and  stored  as  recommended  by 
the  manufacturer  and  as  approved  by  the  Contracting  Officer. 

13.1.9  MANUFACTURER'S  RECOMMENDATIONS:  Standard  paragraph 

stating  items  shall  be  installed  according  to  the  manufacturer's  recom- 
mendations . 


13.1. 10  VERIFICATION  OF  DIMENSIONS:  Standard  paragraph  on 


contractor  familiarization  with  the  site  and  notification  of  the  contract- 
ing officer  of  conflicts  found. 

13.1.11  SAFETY  REQUIREMENTS:  Standard  paragraph. 

13. 1 . 12  WELDING:  Standard  welder  qualifications  paragraph. 

13. 1 ■ 13  Wl  R I NG : Standard  paragraph  on  wiring  with  reference  to 

Division  16. 

13. 1.14  CONSTRUCTION  DAMAGE:  Standard  paragraph  on  repair  of 
damage. 

13. 1.15  NAMEPLATES:  This  paragraph  should  define  on  what  items 
nameplates  are  required,  what  material  the  nameplate  should  be  made 
of,  and  what  should  be  written  on  the  nameplate. 

13. 1.16  CONTRACT  PERFORMANCE  PERIOD:  This  paragraph  should 

refer  to  the  schedule  in  the  legal  portion  of  the  specification  and 
should  be  used  to  define  what  is  to  take  place  in  the  time  span  listed 
(i.e.  whether  or  not  the  operational  testing  period  is  included  in  the 
scheduled  time  or  follows  it  etc.). 

13. 1.17  EXISTING  CONTROLS:  This  paragraph  should  define  the 
EMCS  contractor's  relationship  to  the  existing  control  systems.  It 
should  carefully  define  what  he  is  or  is  not  responsible  for.  It  may 
be  easier  to  define  this  point  on  control  or  system  schematics  if  these 
are  used  on  the  drawings  for  a particular  project.  This  is  a critical 
paragraph  which  can  unintentionally  add  thousands  of  dollars  to  an 
EMCS  project  or  can  result  in  an  unoperational  EMCS  if  not  handled 
properly.  The  decision  as  to  just  what  is  required  in  this  paragraph 
can  only  be  made  after  inspection  of  existing  controls  and  in  light  of 
just  which  EMCS  functions  are  to  be  provided.  Generally  simple 
start/stop  controls  of  systems  does  not  prove  particularly  difficult. 
However,  more  complicated  optimization  functions  which  must  interface 
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with  existing  controls  and  which  depend  on  the  proper  operation  of 
those  local  controls  present  a much  more  complicated  problem. 

13  ■ 1 . 18  TEST  I NG:  This  paragraph  should  cover  all  testing  of  the 

EMCS.  Three  tests  are  commonly  considered: 

1)  FACTORY  TEST 

2)  FIELD  TEST 

3)  FINAL  OPERATIONAL  TEST 

Factory  Tests  require  the  setup  at  the  EMCS  contractor's  facility  of 
all  central  control  center  equipment  and  software  connected  to  typical 
FID  configurations  via  each  of  the  different  types  of  data  transmission 
links.  Each  of  the  FID's  should  be  connected  to  at  least  one  of  every 
type  of  sensor  or  controller  to  be  used.  This  sample  EMCS  is  used 
to  demonstrate  the  performance  of  the  system  according  to  the  specifi- 
cations to  the  Contracting  Officer  before  shipment  of  central  control 
center  equipment  or  FID's  to  the  project  site. 

The  FIELD  TEST  should  consist  of  a detailed  demonstration  of  every 
element  of  the  EMCS  following  installation. 

The  FINAL  OPERATIONAL  TEST  usually  consists  of  a 30  day  period 
following  the  field  test  in  which  the  EMCS  operates  at  or  above  a 
certain  specified  operational  level. 

13. 1.19  TOOL  AND  SPARE  PARTS  LISTS:  Standard  paragraph  re- 

quiring the  contractor  to  provide  a list  of  spare  parts  and  special 
tools  relevant  to  the  EMCS. 

13.1.20  MAINTENANCE  MANUALS:  Manuals  containing  maintenance 

requirements  for  every  component  of  the  EMCS  should  be  defined  in 
this  paragraph. 


I 


13. 1.21  WARRANTY:  Warranty  requirements  and  duration  should  be 
carefully  specified. 


T 


13.1.22  MAINTENANCE  CONTRACT:  If  a full  or  partial  maintenance 
contract  is  to  be  provided  by  the  EMCS  contractor,  the  terms  and 
duration  of  that  agreement  must  be  spelled  out  in  detail. 

13. 1 . 23  TRAIN  I NG:  The  duration,  type,  and  time  of  occurrence  of  all 
training  should  be  defined.  Training  requirements  will  vary  widely 
depending  on  the  type  and  size  of  the  EMCS.  The  approach  to 
manning  the  EMCS  by  the  owner  should  also  be  considered  when 
writing  these  requirements  into  the  EMCS  specifications. 

13.1.24  ABBREVIATIONS  AND  DEFINITIONS:  If  words  or  phases  are 
used  in  the  specification  which  have  specific  meanings  not  in  every- 
day vocabulary,  they  may  be  defined  under  this  paragraph. 

13.2  EMCS  APPLICATIONS  FUNCTIONS:  This  section  of  the  specifi- 
cations should  be  used  to  spell  out  the  performance  of  the  EMCS  in 
regards  to  energy  conservation  activities.  Examples  of  the  perform- 
ance specification  of  applications  functions  are  included  in  the  APPEN- 
DIX. The  general  organization  used  to  specify  each  application 
function  has  been  to  include  the  following  paragraphs: 

1)  DEFINITION 

2)  OPERATION 

3)  SYSTEMS  INTERFACE 

4)  OPERATOR  INTERFACE 

5)  RELATIONSHIP  TO  OTHER  APPLICATION  FUNCTIONS 

6)  FAILURE  MODE 

A DEFINITION  of  each  applications  function  is  usually  required  to 
avoid  terminology  differences  in  the  EMCS  industry. 

The  OPERATION  paragraphs  should  describe  the  logic  by  which  a 
particular  application's  function  is  performed.  In  addition,  capacity 
requirements  should  be  defined  for  functions  which  require  variable 
quantities  of  data  for  definition  of  the  function.  For  example,  the 
minimum  number  of  different  schedules  and  different  types  of  sche- 
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dules  which  the  EMCS  must  maintain  in  performing  time  scheduled 
operation  of  equipment  must  be  defined. 

The  SYSTEM  INTERFACE  paragraphs  should  define  the  specific  input 
and  output  data  necessary  for  the  performance  of  the  application 
function  on  an  energy  consuming  system. 

The  OPERATOR  INTERFACE  paragraph  should  define  the  operator's 
ability  to  change  parameters  relevant  to  the  particular  application 
function  along  with  specific  displays  required. 

The  RELATIONSHIP  TO  OTHER  APPLICATIONS  FUNCTIONS  para- 
graphs must  define  any  hierarchal  relationships  to  be  maintained 
wherever  two  applications  functions  are  applied  concurrently  to  the 
same  energy  consuming  system. 


The  FAILURE  MODE  paragraph  should  define  what  should  happen  to 
an  energy  consuming  system  currently  being  controlled  by  an  EMCS 
applications  function  on  failure  of  the  EMCS.  The  most  common 
approach  is  to  return  the  system  to  local  control,  however,  that 
approach  may  not  be  adequate  for  all  EMCS  functions. 

13.2.1  DEFINITION:  A definition  of  EMCS  application  functions  and 
discussion  of  the  performance  requirements  stated  therein  relative  to 
the  rest  of  the  specification  should  be  included. 

13.2.2  TIME  SCHEDULED  OPERATION 


Time  scheduled  operation  consists  of  the  starting  and  stopping  of  a 
system  based  on  the  time  and  type  of  day.  Type  of  day  refers  to 
weekdays,  Saturdays,  Sundays,  holidays,  or  any  other  day  which  has 
a different  schedule  of  operation.  This  is  the  simplest  of  all  EMCS 
functions  to  install,  maintain,  and  operate.  It  also  provides  the 
greatest  potential  for  energy  conservation  if  systems  are  currently 
being  unnecessarily  operated  during  unoccupied  hours. 
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13.2.3  DUTY  CYCLING 


Duty  cycling  consists  of  the  shutdown  of  a system  for  predetermined 
short  periods  of  time  during  normal  operating  hours.  This  function 
is  normally  only  applicable  to  heating,  ventilating,  and  air  condition- 
ing systems.  Its  operation  is  based  on  the  theory  that  HVAC  systems 
seldom  operate  at  peak  output,  thus  if  the  system  is  shutoff  for  a 
short  period  of  time,  it  has  enough  capacity  to  overcome  the  slight 
temperature  drift  which  occurs  during  this  shutdown.  Although  the 
interruption  does  not  reduce  the  net  space  heating  or  cooling  energy, 
it  does  reduce  energy  input  to  constant  auxiliary  loads  such  as  fans 
and  pumps.  This  function  also  reduces  outside  air  heating  and 
cooling  loads  since  the  outside  air  intake  damper  is  closed  while  an 
air  handling  unit  is  off.  Systems  are  generally  cycled  for  some 
fixed  period  of  time,  say  15  minutes,  out  of  each  hour  of  operation. 
The  off  period  time  length  and  its  frequency  should  be  adjustable. 
The  off  period  time  length  is  normally  adjusted  for  a longer  duration 
during  moderate  seasons  and  shorter  duration  during  peak  seasons. 

13.2.4.1  DEMAND  LIMITING  START/STOP: 

This  function  consists  of  the  stopping  of  electrical  loads  to  prevent 
setting  a high  electrical  demand  peak  and  thus  increasing  electrical 
costs  where  demand  oriented  rate  schedules  apply.  Many  complex 
schemes  exist  for  accomplishing  this  function.  In  general,  they  all 
continuously  monitor  the  base  electrical  demand.  Based  on  the  mon- 
itored data,  demand  predictions  are  made  by  the  EMCS.  When  these 
predictions  exceed  preset  limits,  certain  scheduled  electrical  loads  are 
shut  off  by  the  EMCS  to  reduce  the  rate  of  consumption  and  the 
predicted  peak  demand.  Additional  loads  are  turned  off  on  a priority 
basis  if  the  initial  load  shed  action  does  not  reduce  the  predicted 
demand  enough  to  satisfy  the  function  requirements.  Generally,  the 
loads  to  be  shed  are  HVAC  items.  The  reasoning  used  in  the  Duty 
Cycling  discussion  holds  here  also:  allow  a slight  temperature  drift 
in  the  space  by  shutting  off  the  HVAC  equipment. 
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13.2.4.2  DEMAND  LIMITING,  GENERATOR  OPERATION: 

This  function  is  actually  a part  of  the  program  that  controls  the 
DEMAND  LIMITING,  START/STOP  function.  In  fact,  the  only  differ- 
ence between  the  two  functions  is  that  the  previous  function  stopped 
equipment  to  reduce  demand  and  this  function  starts  equipment  for 
the  same  purpose.  This  function  is  only  applicable  where  large 
standby  generators  are  existing.  When  electrical  demand  approaches 
a peak,  this  function  starts  the  engine  or  turbine  generators  which 
feed  electrical  power  into  the  building  where  they  are  located,  or 
drive  specific  items  of  equipment  such  as  well  water  pumps,  thus 
reducing  base  electrical  demand.  Extreme  caution  must  be  exercised 
in  using  this  function.  Only  the  largest  of  generators  should  be  con- 
sidered because  considerable  investigation  and  expense  may  be  necess- 
ary to  perform  any  rewiring  or  reswitching  needed  for  proper  oper- 
ation of  this  function. 

13.2.4.3  DEMAND  LIMITING,  CHILLER  LIMIT  ADJUST: 

Centrifugal  water  chillers  are  generally  equipped  with  a manually 
adjustable  control  system  which  limits  the  maximum  current,  and  thus 
power,  the  machine  may  use.  An  interface  between  the  EMCS  and 
this  control  circuit  allows  the  EMCS  to  reduce  the  limit  setting  in  a 
load  shedding  situation  and  thus  reduce  the  electric  demand  without 
completely  shutting  down  the  chiller.  The  method  of  accomplishing 
this  function  varies  with  the  specific  manufacturer  of  both  the  water 
chiller  and  the  EMCS.  The  principle  of  operation  is  the  same,  how- 
ever. When  the  chiller  is  selected  for  load  shedding,  a single  stop 
signal  is  transmitted  to  the  interface  which  then  reduces  the  chiller 
limit  adjustment  by  a fixed  amount.  Normally,  the  actual  setting  of 
the  chiller  limit  adjust  is  not  resetable  or  even  detectable  from  the 
EMCS.  Extreme  caution  must  be  exercised  with  application  of  this 
function.  Incorrect  interface  and  control  can  cause  the  refrigeration 
machine  to  operate  in  a surge  condition,  ultimately  causing  consider- 
able damage  to  the  equipment. 
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13.2.5  WARM  UP/NIGHT  CYCLE: 


The  thermal  load  imposed  by  outside  air  used  for  ventilation  may 
constitute  a substantial  percentage  of  the  total  heating  and  cooling 
requirements  for  a facility,  depending  on  the  geographical  location. 
This  function  can  control  the  outside  air  dampers  when  the  intro- 
duction of  outside  air  would  impose  a thermal  load  and  the  building  is 
unoccupied.  This  function  would  apply  during  warm  up  or  cool  down 
cycles  before  occupancy  of  the  building  and  would  also  apply  in 
certain  facilities  that  require  maintenance  of  environmental  conditions 
for  proper  operation  of  electronic  equipment,  although  the  building  is 
unoccupied.  During  those  times,  the  outside  air  dampers  would  be 
closed. 

13.2.6  ENTHALPY  ECONOMIZER: 


The  use  of  an  all  outside  air  economizer  cycle  can  be  a cost  effec- 
tive energy  conservation  measure,  depending  on  the  climatic  condi- 
tions and  the  type  of  mechanical  system.  Where  applicable,  the  cycle 
utilizes  outside  air  to  satisfy  all  or  a portion  of  the  building's  cooling 
requirements  when  the  enthalpy  or  total  heat  content  of  the  outside 
air  is  less  than  that  of  the  return  air  from  the  space.  Outside  air  is 
introduced  through  the  mechanical  system  and  relieved  during  this 
cycle  in  lieu  of  the  normal  recirculation  system. 

13.2.7  SPACE  TEMPERATURE  NIGHT  SETBACK: 

The  energy  required  to  maintain  space  conditions  during  the 
unoccupied  hours  can  be  reduced  by  lowering  the  temperature  set 
point  for  the  space,  depending  on  the  climatic  conditions.  This 
function  also  would  apply  only  to  facilities  that  are  not  required  to 
operate  24  hours  per  day.  Normally,  where  applicable,  this  function 
would  reduce  the  space  temperature  from  the  normal  68°  winter  inside 
design  temperature  to  a 50°  or  55°  space  temperature  during  the 
unoccupied  hours. 
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13.2.8  HOT/COLD  DECK  TEMPERATURE  RESET: 
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Mechanical  systems  such  as  dual  duct  systems  and  some  multizone 
systems  use  a parallel  arrangement  of  heating  and  cooling  surfaces 
commonly  referred  to  as  hot  and  cold  deck  surfaces  for  the  purposes 
of  providing  heating  and  cooling  mediums  simultaneously.  Generally 
speaking,  both  heated  and  cooled  air  streams  are  mixed  to  satisfy  the 
individual  space  thermal  requirements.  In  the  absence  of  optimization 
controls,  these  systems  can  be  very  wasteful  from  an  energy  stand- 
point because  the  final  space  control  merely  mixes  the  two  air  streams 
to  produce  the  desired  result.  While  the  space  conditions  may  be 
acceptable,  the  greater  the  difference  between  the  temperatures  of 
the  two  streams,  the  more  inefficient  the  operation  will  be  . This 
function  can  select  the  individual  areas  with  the  greatest  heating  and 
cooling  requirements,  establish  the  necessary  hot  deck  and  cold  deck 
temperatures  based  on  these  extremes,  and,  as  a result,  minimize 
the  inefficiency  of  the  system. 


13.2.9  CHILLED  WATER  RESET: 

The  energy  required  to  generate  chilled  water  in  a reciprocating 
or  centrifugal  electric  driven  refrigeration  machine  is  a function  of  a 
number  of  parameters  including  the  temperature  of  the  chilled  water 
leaving  the  machine.  Because  the  refrigerant  suction  temperature  is 
a direct  function  of  the  leaving  water  temperature,  the  higher  the  two 
temperatures,  the  lower  the  energy  input  per  ton  of  refrigeration. 

As  a result,  because  chilled  water  temperatures  are  selected  for  peak 
design  times,  in  the  absence  of  strict  humidity  control  requirements,  ! 

most  chilled  water  temperatures  can  be  elevated  during  most  operating  \ 

hours.  Depending  on  the  operating  hours,  size  of  the  equipment, 
and  configuration  of  the  system,  energy  savings  can  be  effected  by 
resetting  the  chilled  water.  Similar  to  the  previously  described  reset 
•"unction,  the  chilled  water  temperature  can  be  elevated  to  satisfy  the 
greatest  cooling  requirements.  Generally,  this  determination  is  made 
by  the  position  of  the  chilled  water  valves  on  the  various  cooling 
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systems.  The  positions  of  the  control  devices  supplying  the  various 
cooling  coils  are  monitored  and  the  chilled  water  temperature  is  elev- 
ated until  at  least  one  control  device  is  in  the  maximum  position. 
Other  control  schemes  may  be  necessary  to  satisfy  different  system 
configurations. 

13.2.10  CONDENSER  WATER  TEMPERATURE  RESET: 

Another  parameter  affecting  the  energy  input  to  a refrigeration 
system  is  the  temperature  of  the  condenser  water  entering  the  mach- 
ine. Conventional  heat  rejection  equipment  is  designed  to  produce  a 
specified  condenser  water  temperature  such  as  85°  at  peak  wet  bulb 
temperatures.  In  many  instances,  automatic  controls  are  provided  to 
maintain  a specified  temperature  at  conditions  other  than  peak  design. 
To  optimize  the  performance  of  the  condenser  water  system,  however, 
this  system  can  be  reset  when  outdoor  wet  bulb  temperatures  will 
produce  lower  condenser  water  temperature.  Where  applicable,  this 
function  will  reduce  the  energy  input  to  the  refrigeration  machine. 

13.2. 11  OUTSIDE  AIR  TEMPERATURE  RESET  SCHEDULE: 

Hot  water  heating  systems,  whether  the  hot  water  is  supplied  by  a 
boiler  or  a converter,  are  designed  to  supply  the  heating  require- 
ments for  the  system  at  outdoor  design  temperatures.  Frequently, 
depending  on  the  specific  system  design,  the  hot  water  supply  tem- 
perature can  be  reduced  as  the  heating  requirements  for  the  facility 
are  reduced.  For  most  facilities,  this  reduction  in  heating  require- 
ments is  directly  related  to  an  increase  in  outdoor  ambient  temper- 
ature. Where  applicable,  the  capability  to  reduce  the  temperature  of 
the  supply  water  as  a function  of  outdoor  temperature  will  affect 
operating  savings.  To  accomplish  this  function,  the  temperature 
controller  for  the  hot  water  supply  is  reset  on  a predetermined  sche- 
dule as  a function  of  outdoor  temperature. 

I 
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13.2.12  START/STOP  OPTIMIZATION: 


An  additional  feature  of  the  time  scheduled  operation  of  mechanical 
systems  described  above  is  the  optimized  start/stop  feature  available 
from  the  system.  Mechanical  systems  serving  areas  that  are  not 
occupied  24  hours  a day  should  be  shut  down  during  the  unoccupied 
hours.  Traditionally,  the  systems  are  restarted  prior  to  occupancy  in 
order  to  cool  down  or  heat  up  the  space.  Normally  this  function  is 
performed  on  a fixed  schedule  independent  of  weather,  space  cond- 
itions, etc.  The  optimized  start/stop  feature  of  the  system  auto- 
matically starts  and  stops  the  system  to  minimize  the  energy  required 
to  provide  the  desired  environmental  conditions  during  occupied 
hours.  The  function  automatically  evaluates  the  thermal  inertia  of  the 
structure,  the  capacity  of  the  system  to  either  increase  or  reduce 
temperatures  in  the  facility,  start-up  and  shut-down  times,  and 
weather  conditions  to  accurately  determine  the  minimum  hours  of 
operation  of  the  HVAC  system  to  satisfy  the  thermal  requirements  of 
the  building. 

13.2.13  BOILER  PROFILE  AND  OPTIMIZATION: 

I 

i 

! • In  certain  application  of  multi-boiler  central  heating  plants,  the 

I opportunity  exists  for  optimization  of  the  boiler  plant  through  selec- 

[ tion  of  the  most  efficient  equipment  to  satisfy  the  instantaneous 

[ heating  requirement.  By  monitoring  fuel  input  as  a function  of  the 

[ • output,  profiles  can  be  developed  for  each  of  the  units  in  a central 

plant.  Based  on  the  operating  history  developed,  and  the  loads, 
plant  operation  can  be  optimized  to  minimize  energy  input. 

13.2.14  CHILLER  PROFILE  AND  OPTIMIZATION: 

This  function  is  very  similar  to  the  boiler  profile  described  above. 
Operating  data  is  obtained  and  compared  with  the  predicted  operating 
characteristics  of  each  individual  machine  prepared  by  the  manufac- 
turer. Based  on  the  operating  data  for  each  machine  with  the  energy 
input  requirements  for  each  operating  condition  and  the  instantaneous 
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load,  the  function  would  select  the  chiller  or  chillers  required  to  meet 
the  load  with  the  minimum  energy  input. 

13.2.15  MAINTENANCE  RUN  TIME  REPORTS: 

A number  of  maintenance  functions  associated  with  mechanical 
equipment  are  related  to  or  can  be  related  to  the  number  of  operating 
hours  of  the  specific  item  of  equipment.  Some  of  these  functions 
include  lubrication,  cleaning,  bearing  checks,  etc. 

13.2.16  TROUBLE  DIAGNOSIS: 

By  monitoring  certain  parameters  of  the  mechanical/electrical  sys- 
tems, diagnosis  of  reported  problems  with  mechanical  and  electrical 
systems  can  be  performed  at  the  central  console  location.  Some  of 
the  parameters  that  might  be  monitored  for  the  purposes  of  trouble 
diagnoses  include  hot  and  cold  deck  temperatures  with  high  and  low 
limits,  leaving  chilled  water  temperatures  and  hot  water  temperatures 
with  high  and  low  limits,  differential  pressure  switches  indicating  fan 
and  pump  operation,  and  space  temperatures. 

13.2.17  CRITICAL  AREAS  MONITORING: 

Areas  such  as  electronic  data  processing  equipment  rooms,  test 
facilities,  environmental  test  rooms,  and  other  areas  with  critical 
requirements  for  environmental  control  can  be  monitored  for  status 
and  alarm  indication. 

13.3  EMCS  OPERATIONS  FEATURES:  This  Section  is  concerned  pri- 
marily with  the  performance  specification  of  EMCS  activities  and  cap- 
abilities that  are  not  directly  related  to  conserving  energy.  These 
features  are  essential  to  the  normal  and  effective  operation  and  use  of 
the  EMCS.  These  features  are  primarily  related  to  the  external  "ap- 
pearance" of  the  EMCS  and  its  relationship  to  its  operator. 
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— 3--I  DEFINITION:  A brief  definition  of  operations  features  and 
their  relationship  to  the  rest  of  the  EMCS  should  be  included. 

!3^3_.2  EMCS  START  UP  AND  SHUTDOWN:  Requirements  describing 

the  EMCS  performance  on  start  up  and  shutdown  should  be  included 
here.  Start  up  requirements  such  as  complete  initiation  from  a single 
key  input  should  be  defined. 

-3-  ^ — data  GATHERING:  Required  performance  of  the  EMCS  in  its 

data  gathering  operations  should  be  defined.  Items  to  be  specified 
should  include  rate  of  monitoring  each  data  sensor  and  "end-to-end" 
accuracy  of  EMCS  data  gathering.  "End-to-end"  accuracy  refers  to  a 
comparison  of  the  actual  value  of  the  measured  variable  (one  "end") 

to  the  value  displayed  by  the  EMCS  at  the  central  control  center  (the 
other  "end"). 

I3._3.4  ACCESS  CONTROL:  A system  should  be  specified  which 
protects  the  EMCS  from  unauthorized  access.  This  normally  is  done 
through  a hierarchal  password  entry  system. 

^ 3 • ^ ^ — MULTIPLE  OPERATOR  ACCESS:  Sometimes  a particular  EMCS 
project  will  require  multiple  simultaneous  operator  access.  The  num- 
ber of  concurrent  separate  operator  activities  the  EMCS  must  be  able 
to  handle  and  the  nature  of  those  activities  should  be  specified. 

i^.3.6  OPERATOR  ASSISTANCE:  A common  EMCS  feature  is  a pro- 
vision for  prompting  the  operator  on  the  use  of  the  EMCS.  This 
assistance  may  consist  of  a listing  of  the  possible  commands  the  EMCS 
will  accept  from  the  operator,  or  it  might  include  a list  of  all  build- 
ings and  systems  connected  to  the  EMCS.  The  desired  capabilities  of 
this  feature  should  be  fully  specified. 

-3-' ^ ^ — DISPLAY:  The  operation  and  interaction  of  the  EMCS  display 
should  be  performance  specified  as  completely  as  possible.  The 
method  of  "addressing"  should  be  defined.  "Addressing"  is  the 
means  of  displaying  the  status  of  a particular  point  or  group  of 
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points.  One  logical  addressing  scheme  is  the  use  of  a three  level 
identification  for  every  sensor  and  controller.  The  first  level  is  the 
building  number  in  which  the  point  occurs,  the  second  level  is  the 
system  number  in  which  the  point  occurs,  and  the  third  level  is  an 
identifier  unique  to  the  particular  device.  Another  area  of  particular 
importance  is  the  use  of  any  graphics  systems  in  the  system  oper- 
ation. Exactly  how  the  graphics  are  to  be  used,  when  they  are  to  be 
displayed,  and  what  they  are  to  display  should  be  defined.  Other 
simpler  minimum  requirements  for  items  such  as  the  range  of  a temper- 
ature display  (say  - 99.9  to  999.9)  and  the  units  (°F)  might  be 
identified . 

13.3.8  MANUAL  CONTROL:  The  capabilities  to  be  provided  for 

direct  operator  control  or  override  should  be  specified  under  this 
heading . 

13.3.9  ALARMS:  Conditions  under  which  the  EMCS  should  provide 
alarms  and  the  method  of  reporting  each  type  of  alarm  should  be 
defined . 

13.3.10  REPORTS:  Reports  to  be  provided  by  the  EMCS  should  be 
defined  in  accordance  with  the  requirements  of  the  particular  EMCS 
project.  Reports  might  include  listings  of  all  points  connected  to  the 
EMCS,  parameters  associated  with  each  point,  and  the  current  status 
of  each  point.  Other  reports  might  be  logs  of  the  previous  days 
electrical  profile,  run  times  on  each  system,  current  and  past  alarms, 
etc. 

13. 3. 11  ADDITIONS,  MODIFICATIONS  AND  DELETIONS:  The  means 

and  ability  to  add  additional  points  to  or  delete  points  from  the  EMCS 
and  method  of  modification  of  parameters  present  in  the  EMCS  should 
be  defined. 

13.3.12  CONTROL  SEQUENCES:  Features  allowing  the  interlocking  of 
various  systems,  thru  EMCS  control,  along  with  the  ability  to  con- 
struct control  sequences  which  react  to  various  input  parameters  must 
be  fully  specified  if  desired. 
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13.3.13  SELF  DIAGNOSIS:  The  extent  of  the  ability  to  isolate  and 
indicate  which  components  have  failed  on  trouble  occurrence  within 
the  EMCS  should  be  described. 

13.3.14  PARTIAL  FAILURE:  On  partial  failure  of  the  EMCS,  the 

sequence  of  events  that  is  desired  should  be  specified.  For  instance, 
if  a particular  printer  fails,  its  activity  should  be  automatically  di- 
verted to  another  printer.  This  should  be  described  in  the  specifi- 
cation to  assure  proper  performance  of  the  EMCS  under  those  cond- 

itions . 

13.3.15  ORDERLY  SHUTDOWN:  The  sequence  of  events  necessary  to 
provide  for  orderly  shutdown  of  the  EMCS  should  be  specified.  On  a 
power  failure  for  example,  the  operating  status  of  the  EMCS  should 
be  retained  and  no  damage  should  occur. 

13.3.16  POWER  INTERRUPTION:  If  special  provisions  are  to  be  made 

in  the  event  of  power  interruption  to  the  EMCS,  these  should  be 

specified  under  this  heading.  Topics  which  might  be  covered  include 
battery  backup,  uninterruptable  power  supplies,  and  switchover  to 
emergency  generator. 

13.4  EMCS  CONFIGURATION:  This  section  is  used  to  specifically 

define  hardware  and  software  required  for  a particular  EMCS  project. 
The  detail  and  extent  of  this  section  will  be  dependent  on  the  re- 
quirements and  philosophy  of  the  EMCS  designer  and  the  final  user  of 
the  system.  A relatively  simple  and  abridged  section  can  be  written 
which,  when  combined  with  Sections  13.2  and  13.3,  will  produce  an 
overall  performance  oriented  specification.  On  the  other  hand,  if  a 
prescriptive  specification  is  desired,  this  may  be  obtained  by  very 
detailed  requirements  in  this  section.  A section  written  in  this  man- 
ner would  be  combined  with  Section  13.2  and  13.3  to  produce  an 
overall  specification  which  not  only  defines  the  performance  required 
from  the  EMCS  but  also  how  that  performance  is  to  be  done. 


An  advantage  of  having  the  EMCS  CONFIGURATION  requirements 
separated  from  the  applications  and  operational  performance  require- 
ments is  that  the  specification  can  be  easily  adapted  to  changes  and 
advancements  in  technology.  This  approach  also  allows  the  use  of 
different  design  philosophies  within  the  Air  Force  without  adverse 
impact  on  the  performance  requirements  of  the  EMCS. 

13.4.1  CONFIGURATION  OVERVIEW:  A descriptive  overview  of  the 
required  EMCS  configuration  should  be  provided.  This  overview 
should  briefly  describe  the  general  operation  and  requirements  of  the 
central  control  center,  the  transmission  system,  the  field  interface 
devices  and  the  sensors  and  controls.  An  overview  schematic  of  the 
EMCS  configuration  should  be  provided  on  the  contract  drawings. 

13.4.2  CENTRAL  EQUIPMENT:  These  paragraphs  should  define  the 
equipment  to  be  located  in  the  central  control  center.  Some  items 
which  may  or  may  not  be  included  are; 

1)  Central  Communications  Controller  (CCC). 

2)  Central  Processing  Unit  (CPU). 

3)  Maintenance  and  Control  Panel. 

4)  Real-Time  Clock  (RTC). 

5)  Disk  Storage  Systems. 

6)  Floating  Point  Processor. 

7)  External  Uninterruptible  Clock. 

8)  Auxiliary  Power  Supply. 

9)  Printers  (all  types). 

10)  CRT  Systems  (Controllers,  Displays,  and  Keyboards). 

11)  Paper  Tape  Reader/Punch. 

12)  Magnetic  Tape  Drives 

13)  Remote  Dial  Up  Interface 

13.4.3  FIELD  EQUIPMENT:  These  paragraphs  should  define  the 
equipment  to  be  used  in  buildings  to  be  connected  to  the  EMCS. 
Items  to  be  covered  under  these  paragraphs  might  include: 
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1)  Field  Interface  Devices 

2)  Multiplexer  Panels 

3)  Function  Cards 

4)  Sensor  and  Control  Devices 

13.4.4  SOFTWARE:  Specific  software  requirements  should  be  defined 
under  this  heading.  These  requirements  should  be  carefully  related 
to  the  performance  requirements  of  Sections  13.2  and  13.3.  Topics 
which  might  be  included  under  this  heading  are: 

1)  Bootstrap  Program 

2)  Real-Time  Disk  Operating  System/Executive  (RTDOS/E) 

3)  Assembler 

4)  Relocatable  Linking  Loader 

5)  Editor 

6)  FORTRAN  Compiler 

7)  BASIC  Compiler  and/or  Interpreter 

8)  Debugger 

9)  Copy  Routine 

10)  Dump  Routine 

11)  Disk  Routine 

12)  Mathematics  Package 

13)  ecu  Diagnostic  Programs 

14)  Command  Line  Mnemonic  Intrepreter 

15)  CLM  Commands 

16)  Report  Generator 

17)  Index 

18)  Graphic  Software 

19)  Control  Sequence  Software 

20)  Alarms 

21)  Peripheral  Device  Sharing 

22)  Operator  Control  Software 

23)  Predictor/Corrector  Program 

24)  System  Access  Control 

25)  FID  Software  Editing 
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13.4.5  SIGNAL  TRANSMISSION:  Specific  materials,  methods,  and  j 

equipment  to  be  used  in  the  EMCS  data  transmission  network  should  I 

be  defined  under  this  heading.  Both  the  signals  to  be  transmitted  ! 

and  the  media  over  which  they  are  transmitted  may  be  defined.  Items 
in  this  area  include:  i 


1)  Signal  Transmission  Interface 

2)  Signal  Error  Detection  and  Retransmission 

3)  Signal  Error  Rate 

4)  Government  Furnished  Lines 

5)  Transmission  Media 

6)  Modems 

7)  Cable  Installation 

8)  Grounding  and  Lightning  Protection 
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1.0  TIME  SCHEDULED  OPERATION 


1.1  DEFINITION:  A Time  Scheduled  Operation  (TSO)  function  shall 
be  provided  to  automatically  start  and  stop  designated  systems  based  on 
the  time  and  type  of  day,  according  to  operator  defined  schedules. 

1.2  OPERATION:  The  EMCS  shall  start  or  stop  systems  automatically 
at  times  designated  in  schedule  data  stored  within  the  EMCS.  The 
EMCS  shall  provide  a minimum  of  |00  independent  schedules.  Each 
schedule  shall  cover  a time  period  of  at  least  one  day  (24  hours).  Each 
schedule  shall  provide  a minimum  of  two  start  times  and  two  stop  times 
per  day.  Each  system  designated  to  be  controlled  by  TSO  shall  be 
associated  with  a minimum  of  eight  independent  schedules.  Each  of 
these  eight  shall  correspond  with  a particular  type  of  day.  The  eight 
types  of  days  shall  be: 


1) 

Sunday 

5) 

Thursday 

2) 

Monday 

6) 

Friday 

3) 

Tuesday 

7) 

Saturday 

4) 

Wednesday 

8) 

Holidays 

The  EMCS  shall  automatically  determine  the  type  of  day  and  select  the 
schedule  associated  with  that  type  of  day  for  each  system.  The  EMCS 
shall  start  and  stop  each  system  designated  for  TSO  control  according 
to  the  schedule  selected  for  that  system. 

Provide  an  adjustable  time  delay  between  starting  of  systems  to  prevent 
excessive  loading  of  electrical  distribution  equipment. 

The  EMCS  shall  monitor  the  ON/OFF  status  of  each  system  thru  dif- 
ferential pressure  switches,  flow  switches,  starter  contacts  or  other 
devices  as  designated  on  each  system  schematic.  This  status  shall  be 
checked  at  least  once  every  3 minutes.  If  the  monitored  status  is  not 
the  same  as  that  called  for  by  the  EMCS,  both  an  audible  and  printed 
alarm  shall  be  given  to  the  operator.  Alarms  shall  not  be  given  for  a 
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system  during  an  adjustable  time  delay  following  the  issuance  of  a start 

or  stop  control  action  from  the  EMCS  to  that  system.  j 

1.3  SYSTEMS  INTERFACE:  I 

I 

1.3.1  Input  Requirements:  | 

Status  contact  sensor  (differential  pressure  switch,  flow  switch,  I 

starter  contact  or  other  device  as  called  for  on  the  appropriate  system  | 

schematic). 

1.3.2  Output  Requirements: 

Start/Stop  control  interface 

1.4  OPERATOR  INTERFACE:  The  following  operator  related  activities 
shall  be  provided  in  conjunction  with  the  TSO  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

1.4.1  The  start  and  stop  times  for  each  schedule  shall  be  adjustable  I 

by  the  operator. 

1.4.2  The  schedule  associated  with  each  day  type  for  each  system 
shall  be  operator  determined  and  modifiable. 

1.4.3  The  operator  shall  designate  and  change  the  dates  of  Holiday 
day  type  occurrence. 

1.4.4  The  time  delay  between  starting  of  systems  by  the  EMCS  shall 
be  operator  adjustable  and  shall  have  a mirlimum  range  of  from  0 to  999 

seconds . j 

1.4.5  The  time  delay  of  alarm  reporting  for  a particular  system  ^ 

following  the  starting  or  stopping  of  that  system  by  the  EMCS  shall  be 

operator  adjustable  and  shall  have  a minimum  range  of  from  0 to  999 
seconds. 


2.0  DUTY  CYCLING: 


w 


2.1  DEFINITION:  A Duty  Cycle  (DC)  function  shall  be  provided 
which  shall  automatically  stop  and  start  designated  systems,  based  on  a 
repeating  time  cycle  with  an  operator  designated  cycle,  and  system 
shutdown  interval  adjusted  according  to  system  space  temperature. 

2.2  OPERATION:  The  EMCS  shall  stop  operating  systems  automatic- 

ally on  a repeating  cycle  basis  and  restart  the  systems  after  a shut- 
down interval.  Cycle  interval  is  the  length  of  time  over  which  repeti- 
tive control  actions  are  taken.  Shutdown  interval  is  the  length  of  time 

during  a cycle  interval  that  a controlled  system  is  stopped.  Nominal 

cycle  intervals  of  60,  and  minutes  shall  be  provided.  One  of 
the  nominal  cycle  intervals  shall  be  assigned  to  each  system  designated 
to  be  controlled  by  DC.  An  independent  shutdown  interval  shall  be 
assigned  to  each  system.  The  shutdown  interval  shall  have  a range 
from  zero  minutes  to  the  length  of  the  cycle  interval  assigned  to  that 
system.  The  actual  duration  of  system  shutdown  shall  be  determined 
by  the  EMCS  by  adjusting  the  assigned  shutdown  interval  in  response 
to  space  temperature.  If  space  temperature  conditions  are  satisfied, 
the  actual  shutdown  duration  shall  be  increased  over  the  assigned 

shutdown  interval.  If  space  temperature  conditions  are  not  satisfied, 
the  actual  shutdown  duration  shall  be  decreased  from  the  assigned 

shutdown  interval.  In  addition  to  the  shutdown  interval  assigned  to 
each  system,  a minimum  shutdown  interval  and  maximum  shutdown 
interval  shall  be  assigned  for  each  system,  which  shall  override  the 
space  temperature  compensation  adjustment  of  the  actual  shutdown 
duration.  The  EMCS  shall  automatically  adjust  the  initiation  of  cycle 
intervals  and  the  occurrence  of  the  shutdown  interval  within  a cycle 
interval,  to  provide  a uniform  reduction  in  the  rate  of  electrical  energy 
consumption  by  systems  controlled  by  the  DC  function.  Each  system 
shall  be  assigned  a weighting  factor  proportional  to  the  rate  of  electri- 
cal energy  consumption  associated  with  that  system.  The  weighting 
factor,  in  conjunction  with  cycle  and  shutdown  interval  data,  for  all 
systems  controlled  by  DC,  shall  be  used  to  determine  an  operation 
which  will  provide  uniform  load  reduction. 
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2.3  SYSTEMS  INTERFACE: 


I 


2.3.1  Input  Requirements: 

Status  contact  sensor  (differential  pressure  switch,  flow  switch, 
starter  contact  or  other  device  as  called  for  on  the  appropriate  system 
schematic) . 

Space  temperature  indication.  Provide  ability  to  continue  operation 
of  DC  function  on  a system  if  actual  space  temperature  data  is  unavail- 
able by  using  a default  value  of  space  temperature  in  the  shutdown 
interval  adjustment  actions. 

2.3.2  Output  Requirements: 

Start/Stop  control  interface 

2.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  DC  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

2.4.1  The  systems  controlled  by  the  DC  function  shall  be  assigned  or 
deleted  by  the  operator. 

2.4.2  The  nominal  cycle  interval  to  be  used  for  each  system  shall  be 
operator  determined  and  modifiable. 

2.4.3  The  shutdown  interval  for  each  system  shall  be  adjustable  by 
the  operator  in  not  greater  than  one  minute  increments. 

2.4.4  The  desired  maximum  and  minimum  space  temperatures  for  each 
system  shall  be  defined  by  the  operator. 

2.4.5  The  maximum  and  minimum  shutdown  intervals  for  each  system 
for  temperature  compensation  override  shall  be  operator  determined. 
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2.4.6  The  weighting  factor  proportional  to  electrical  load  for  each 
system  shall  be  operator  adjustable. 

2.4.7  The  time  delay  of  alarm  reporting  for  a particular  system 
following  the  starting  or  stopping  of  that  system  by  the  EMCS  shall  be 
operator  adjustable  and  shall  have  a minimum  range  of  from  0 to  999 
seconds. 

2.4.8  The  operator  shall  be  able  to  manually  suspend  DC  activities 
for  each  system.  DC  activities  shall  remain  suspended  for  a particular 
system  until  they  are  manually  reactivated  by  the  operator. 

2.4.9  The  default  space  temperature  value  to  be  used  by  the  DC 
function,  if  actual  space  temperature  data  is  unavailable,  shall  be 
operator  adjustable  for  each  system. 

2.5  FUNCTION  INTERACTION:  The  Duty  Cycle  function  shall  be 
interactive  with  the  Time  Scheduled  Operation  (TSO),  Electrical  Demand 
Limiting  (EDL),  and  the  Optimized  Start/Stop  (OSS)  functions.  DC 
shall  only  control  a system  if  that  control  has  been  turned  over  to  it  by 
the  TSO,  EDL,  and  OSS  functions. 

2.6  FAILURE  MODE:  On  EMCS  failure,  systems  which  have  been 
shut  down  by  the  DC  function  shall  be  restarted  and  shall  operate 
under  normal  local  controls.  On  restart  of  the  EMCS  after  a failure, 
systems  shall  only  be  controlled  under  the  DC  function  after  that  con- 
trol has  been  passed  to  DC  from  TSO,  EDL  and  OSS  functions  in  an 
orderly  manner. 
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3.0  ELECTRICAL  DEMAND  LIMITING 


3.1  DEFINITION;  An  Ele<:trical  Demand  Limiting  (EDL)  function  shall 
be  provided  which  shall  monitor  the  rate  of  electrical  energy  consump- 
tion (demand)  measured  ty  utility  company  demand  metering  equipment, 
and  shed  loads  automatically  to  limit  demand  below  a preset  maximum 
demand  target. 

3.2  OPERATION:  The  EMCS  shall  monitor  (#)  (power  company  name) 

demand  meters  and  shall  automatically  control  loads  connected  to  each 
meter  to  limit  the  peak  electrical  demand  recorded  by  that  meter. 
Electrical  demand  is  currently  defined  by  (power  company  name)  as  


The  EMCS  shall  provide  the  ability  to  control  at  least  500  loads  connect- 
ed to  each  demand  meter  for  the  purpose  of  demand  limiting.  The  EDL 
function  shall  monitor  the  electrical  power  consumption  rate  at  the 
utility  company  demand  meter,  predict  the  resultant  demand  as  defined 
by  the  utility  company,  and  take  control  actions  based  on  the  predicted 
demand  to  reduce  power  consumption  rate. 

The  Contractor  shall  contact  (power  company  name)  and  arrange  for 
the  installation  of  the  necessary  demand  meter  interface  equipment  and 
shall  pay  all  charges  involved.  The  EMCS  EDL  function  shall  operate 
with  both  "sliding  window"  and  fixed  interval  demand  metering  systems. 
When  applied  to  fixed  interval  metering  systems,  synchronization  with 
the  meter  end  of  interval  signal  shall  be  provided.  If  the  meter  end  of 
interval  signal  is  absent,  the  EDL  function  shall  automatically  use  a 
sliding  window  method  of  demand  measurement  and  return  to  a fixed 
interval  method,  upon  recognition  of  a correct  end  of  interval  signal. 

The  EMCS  shall  utilize  the  data  monitored  at  the  demand  meter  to 
predict  the  demand  at  the  end  of  the  demand  interval.  The  EDL  func- 
tion shall  not  use  ideal  rate  or  ideal  curve  methods  to  predict  the 


demand.  The  length  of  demand  interval  used  in  the  prediction  shall  be 
operator  defined  and  adjustable. 


The  EMCS  shall  automatically  take  control  actions  to  reduce  the  rate 
of  power  consumption  whenever  the  predicted  demand  exceeds  a present 
maximum  demand  level.  Loads  to  be  controlled  shall  have  independently 
adjustable  maximum  and  minimum  off  times  and  minimum  run  times.  A 
minimum  of  16  priority  levels  of  loads  shall  be  provided.  Priority  16 
loads  shall  be  controlled  first  and  priority  one  loads  shed  last.  Loads 
shall  be  rotated  automatically  within  each  priority  level.  The  EDL 
function  shall  take  control  action  throughout  the  demand  interval  to 
eliminate  the  need  for  large  changes  near  the  end  of  interval.  An 
adjustable  time  delay  shall  be  provided  between  starts  to  prevent  power 
surges.  Reloading  of  the  system  at  the  start  of  a demand  interval  shall 
be  based  upon  the  rate  of  use  at  the  end  of  the  last  interval. 

The  following  types  of  control  actions  shall  be  taken  by  the  EDL 
function : 

START/STOP:  Designated  systems  shall  be  stopped  to  reduce 

predicted  demand  levels  under  EDL  control  using  the  control 
sequences  and  devices  indicated  on  the  system  schematic.  The 
systems  shall  be  restarted,  based  on  the  maximum  and  minimum  off 
time  limits  for  each  system.  Once  restarted,  a system  shall  not  be 
stopped  by  the  EMCS  until  the  minimum  run  time  for  that  system 
has  elapsed. 

GENERAL  OPERATION:  Designated  generator  systems  shall  be 
started  to  reduce  predicted  electrical  demand  levels  under  EDL 
controls,  using  the  control  sequences  and  devices  indicated  on  the 
schematic  for  that  system.  Each  generator  shall  not  be  stopped 
until  the  minimum  run  time  limit  for  that  generator  has  been  exceed- 
ed. Once  a generator  is  shut  down  by  the  EMCS,  it  shall  not  be 
restarted  until  a minimum  off  time  for  that  generator  has  elapsed. 
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CHILLER  LIMIT  ADJUST:  The  current  limiting  controls  on  the 
designated  centrifugal  water  chilling  systems  shall  be  adjusted  to  a 
fixed  minimum  position  to  reduce  predicted  electrical  demand  levels 
under  EDL  control. 

3.3  SYSTEM  INTERFACE 

3.3.1  Input  Requirements:  For  the  following  control  actions: 

START/STOP:  Status  contact  sensor  (see  individual  system  sche- 
matic for  type  of  sensor). 

GENERATOR  OPERATION:  Status  contact  sensor  (see  individual 
generator  schematic  for  method  and  type  of  sensor). 

CHILLER  LIMIT  ADJUST:  Status  contact  sensor 

3.3.2  Output  Requirements:  For  the  following  control  actions: 

START/STOP:  Start/Stop  control  interface. 

GENERATOR  OPERATION:  Start/Stop  control  interface. 

CHILLER  LIMIT  ADJUST:  Current  limit  minimum  position  control 
interface. 

3.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  EDL  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

3.4.1  The  demand  interval  length  shall  be  adjustable  by  the  operator. 

3.4.2  Loads  shall  be  assigned  to,  deleted  from,  or  temporarily  dis- 
abled from  EDL  control  by  the  operator.  Loads  temporarily  disabled  by 
the  operator  shall  remain  so  until  specifically  reenabled  by  the  opera- 


3.4.3  The  priority  level  assigned  to  a load  shall  be  modifiable  by  the 
operator. 

3.4.4  The  time  delay  between  starting  of  loads  shall  be  operator 
adjustable. 

3.4.5  Minimum  and  maximum  off  times  and  minimum  run  time  for  each 
load  shall  be  operator  adjustable. 

3.4.6  The  maximum  allowable  demand  level  shall  be  operator  adjust- 


3.4.7  On  operator  request,  the  EMCS  shall  display  the  present 
demand,  power  factor,  and  the  demand  for  the  last  demand  interval. 


3.4.8  Any  messages  (change  of  state)  produced  as  a result  of  EDL 
action  shall  include  a notation  indicating  the  change  of  state  is  a result 
of  EDL  action. 

3.4.9  The  EMCS  shall  produce  a daily  power  utilization  report  con- 
sisting of  the  following  information; 


3.4.10  The  EMCS  shall  produce  a monthly  power  utilization  report 
consisting  of  the  following  information: 


4.0  WARM  UP/NIGHT  CYCLE 


4.1  DEFINITION:  A Warm  Up/Night  Cycle  (WUN)  function  shall  be 
provided  which  shall  control  air  handling  system  outside  air  intake 
dampers  during  unoccupied  periods. 

4.2  OPERATION:  The  EMCS  shall  automatically  open  or  close  outside 
air  intake  dampers,  based  on  the  air  handling  unit  status  and  a sche- 
dule of  occupancy  for  the  areas  served  by  that  unit.  The  EMCS  shall 
provide  a minimum  of  100  independent  occupancy  schedules.  Each 
schedule  shall  cover  a time  period  of  at  least  one  day  (24  hours).  Each 
schedule  shall  provide  a minimum  of  two  start  occupancy  times  and  two 
stop  occupancy  times  per  day.  Each  air  handling  system  designated  to 
be  controlled  by  WUN  shall  be  associated  with  a minimum  of  eight  inde- 
pendent schedules.  Each  of  these  eight  shall  correspond  with  a part- 
icular type  of  day.  The  eight  types  of  days  shall  be: 


1) 

Sunday 

5) 

Thursday 

2) 

Monday 

6) 

Friday 

3) 

T uesday 

7) 

Saturday 

4) 

Wednesday 

8)  Holidays 

The  EMCS  shall  automatically  determine  the  type  of  day  and  select  the 
schedule  associated  with  that  type  of  day  for  each  system.  The  EMCS 
shall  open  and  close  the  outside  air  dampers  on  each  system  designated 
for  control  according  to  the  schedule  selected  for  that  system.  Dam- 
. pers  shall  be  open  to  the  minimum  outside  air  position  during  occupied 

hours  and  shall  be  closed  during  unoccupied  hours,  except  dampers 
shall  be  closed  whenever  the  air  system  is  shut  down. 

4.3  SYSTEMS  INTERFACE: 
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4.3.1  Input  Requirements: 


Status  contact  sensor  on  air  handling  unit  operation  (see  system 
schematics  for  sensor  type  for  each  individual  system). 

4.3.2  Output  Requirements: 

Damper  control  interruption  interface. 

4.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  WUN  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

4.4.1  The  occupancy  start  and  occupancy  stop  times  for  each  sche- 
dule shall  be  adjustable  by  the  operator. 

4.4.2  The  schedule  associated  with  each  day  type  for  each  system 
shall  be  operator  determined  and  modifiable. 

4.4.3  The  operator  shall  designate  and  change  the  dates  of  Holi- 
day day  type  occurance. 

4.5  RELATIONSHIIP  TO  OTHER  APPLICATIONS  FUNCTIONS:  Dam- 
per control  by  WUN  shall  be  overridden  by  ENTHALPY  ECONOMIZER 
function  operation. 

4.6  FAILURE  MODE:  On  EMCS  failure,  control  of  dampers  shall 
revert  to  local  analog  control  systems. 


5.0  ENTHALPY  ECONOMIZER 


5.1  DEFINITION:  An  Enthalpy  Economizer  (EE)  function  shall  be 
provided  which  shall  monitor  the  enthalpy  of  the  return  air  for  an  air 
handling  system,  measure  the  enthalpy  of  outside  air,  and  then  control 
the  outside  and  return  air  dampers  for  that  system,  based  on  the  air 
stream  which  will  result  in  the  least  cooling  energy  consumption. 

5.2  OPERATION:  The  EMCS  shall  automatically  switchover  outside 
air  damper  control  to  the  local  cooling  control  system  of  an  air  handling 
unit  whenever  the  enthalpy  of  the  return  air  is  greater  than  the  en- 
thalpy of  the  outside  air. 

5.3  SYSTEMS  INTERFACE: 

5.3.1  Input  Requirements: 

Status  contact  sensor 

Return  air  temperature 

Return  air  relative  humidity 

Outside  air  temperature  (at  one  location) 

Outside  air  relative  humidity 

5.3.2  Output  Requirements: 

Damper  control  changeover  interface 

5.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  EE  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

5.4.1  The  operator  shall  designate  which  systems  are  to  be  controlled 
by  EE  operation. 

5.4.2  The  operator  shall  be  able  to  define  a deadband  between 
outside  and  return  air  enthalpy  over  which  the  changeover  will  take 
place. 
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5.5  RELATIONSHIP  TO  OTHER  APPLICATIONS  FUNCTIONS;  The  EE 


function  shall  override  WUN  operation. 

5.6  FAILURE  MODE:  On  EMCS  failure,  control  of  dampers  shall 
revert  to  local  analog  control  system. 


I 

t 
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6.0  SPACE  NIGHT  SETBACK 


6.1  DEFINITION;  A Space  Night  Setback  (SNS)  function  shall  be 
provided  which  shall  maintain  minimum  and  maximum  space  temperatures 
during  system  shutdown. 

6.2  OPERATION:  The  EMCS  shall  automatically  start  or  stop  systems 
at  times  designated  in  operation  schedule  data  stored  within  the  EMCS. 
Systems  designated  to  be  controlled  by  SNS  shall  have  all  the  capabili* 
ties  specified  under  TIME  SCHEDULED  OPERATION.  In  addition  to 
these  capabilities,  the  temperature  in  a space  served  by  a SNS  controll- 
ed system  shall  be  monitored.  If  the  temperature  exceeds  a maximum 
limit  or  is  below  a minimum  limit,  the  EMCS  shall  restart  the  system 
serving  that  space.  The  system  shall  operate  under  its  normal  local 
control.  The  EMCS  shall  shut  down  the  system  after  the  space  temper- 
ature has  either  risen  or  fallen  within  an  acceptable  temperature  range. 

6.3  SYSTEM  INTERFACE: 

6.3.1  Input  Requirements: 

Status  contact  sensor 

Space  temperature 

6.3.2  Output  Requirements; 

Start/Stop  Control  Interface 

6.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  SNS  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

6.4.1  All  capabilities  specified  under  paragraph  1.4. 

6.4.2  The  minimum  and  maximum  space  temperatures  above  and  below 
which  the  EMCS  shall  start  the  system  shall  be  modifiable  by  the  opera- 
tor. 
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6.4.3  The  space  temperature  range  within  which  the  EMCS  shall 
shutdown  a system  shall  be  operator  designated. 

6.5  RELATIONSHIP  TO  OTHER  APPLICATION  FUNCTIONS: 


6.5.1  SNS  shall  override  TIME  SCHEDULED  OPERATION. 


6.5.2  WARM  UP/NIGHT  CYCLE  shall  override  SNS. 


7.0  HOT/COLD  DECK  RESET 


7.1  DEFINITION:  A Hot/Cold  Deck  Reset  (HCR)  function  shall  be 
provided  which  shall  adjust  hot  and/or  cold  supply  air  temperatures 
such  that  the  temperature  will  coincide  with  the  need  for  heating  and/or 
cooling. 

7.2  OPERATION:  The  EMCS  shall  adjust  the  setpoint  of  local  supply 
air  temperature  controllers  to  the  position  which  will  exactly  satisfy  the 
zone  having  the  greatest  demand. 

7.3  SYSTEMS  INTERFACE: 


7.3.1  Input  Requirements: 

Status  Contact  Sensor 
Greatest  demand  selector 
Return  air  relative  humidity 
Supply  air  temperature 

7.3.2  Output  Requirements: 

Supply  air  temperature  controller  reset  interface. 

7.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  HCR  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

7.4.1  The  operator  shall  designate  systems  to  be  controlled  by  the 
HCR  function. 

7.5  RELATIONSHIP  TO  OTHER  FUNCTIONS:  The  HCR  function  shall 
operate  independently  of  other  EMCS  applications  functions,  except  that 
HCR  shall  not  reset  controller  setpoints  of  systems  not  operating. 
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7.6  FAILURE  MODE:  On  EMCS  failure,  the  supply  air  temperature 
controllers  under  HCR  control  shall  remain  at  the  setpoint  position 
where  they  were  at  the  time  of  EMCS  failure. 


1 
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8.0  CHILLED  WATER  RESET 


8.1  DEFINITION;  A Chilled  Water  Reset  (CWR)  function  shall  be 
provided  which  shall  adjust  chilled  water  system  temperatures  such  that 
the  temperature  will  coincide  with  the  need  for  cooling. 

8.2  OPERATION:  The  EMCS  shall  adjust  the  setpoint  of  local  chilled 
water  temperature  controllers  to  the  position  which  will  exactly  satisfy 
the  greatest  demand  for  cooling. 

8.3  SYSTEMS  INTERFACE: 

8.3.1  Input  Requirements: 

Contact  Status  Sensor 

Chilled  Water  Supply  Temperature 

Chilled  Water  Return  Temperature 

8.3.2  Output  Requirements: 

Controller  Reset  Interface 

8.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  CWR  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

8.4.1  The  operator  shall  designate  systems  to  be  controlled  by  the 
CWR  function. 

8.4.2  The  EMCS  shall  display  chilled  water  supply  and  return  tem- 
perature and  controller  setpoint  at  operator  request. 

8.5  RELATIONSHIP  TO  OTHER  APPLICATIONS  FUNCTIONS:  The 
CWR  function  shall  operate  independently  of  the  other  EMCS  applications 
functions,  except  that  CWR  shall  not  reset  controller  setpoints  of  sys- 
tems not  operating. 


1 

8.6  FAILURE  MODE;  On  EMCS  failure,  chilled  water  temperature 
controllers  under  CWR  control  shall  remain  at  the  same  setpoint  position 
as  that  at  the  time  of  EMCS  failure. 


1 


! 
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9.0  CONDENSER  WATER  RESET 


9.1  DEFINITION:  A Condenser  Water  Reset  (CDR)  function  shall  be 
provided  which  shall  adjust  condenser  water  system  temperature  so  that 
the  temperature  will  coincide  with  the  minimum  condenser  water  temper- 
ature that  can  be  produced  from  outside  ambient  conditions. 

9.2  OPERATION;  The  EMCS  shall  adjust  set  point  of  local  condenser 
water  temperature  controllers  to  the  position  which  will  produce  the 
lowest  condenser  water  temperature  producible  from  ambient  conditions 
in  accordance  with  current  cooling  demand. 


9.3  SYSTEMS  INTERFACE: 

9.3.1  Input  Requirements: 

Contact  Status  Sensor 

Condenser  water  supply  temperature 

Condenser  water  return  temperature 

9.3.2  Output  Requirements: 

Controller  reset  interface  I 

9.4  OPERATOR  INTERFACE:  The  following  operator  related  activi-  • 

ties  shall  be  provided  in  conjunction  with  the  CDR  function  and  shall  be  | 

performed  during  continuous  EMCS  operation. 

I 

9.4.1  The  operator  shall  designate  systems  to  be  controlled  by  the  j 

CDR  function.  i 

I 

9.4.2  The  EMCS  shall  display  condenser  water  supply  and  return 
temperatures  and  controller  setpoint  at  operator  request. 


L 


9.5  RELATIONSHIP  TO  OTHER  APPLICATIONS  FUNCTIONS:  The 
CDR  function  shall  operate  independently  of  other  EMCS  applications 
functions,  except  that  CDR  shall  not  reset  controller  setpoints  of  sys- 
tems not  operating. 

9.6  FAILURE  MODE:  On  EMCS  failure,  the  condenser  water  temper- 
ature controllers  under  CDR  control  shall  remain  at  the  same  setpoint 
position  as  that  at  the  time  of  EMCS  failure. 


f 
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10.0  OUTSIDE  AIR  SCHEDULE  RESET 


10. 1 DEFINITION:  An  Outside  Air  Schedule  Reset  (OAR)  function 
shall  be  provided  which  shall  adjust  controller  setpoint  positions  linearly 
in  response  to  outside  air  temperature. 

10.2  OPERATION:  The  ENICS  shall  adjust  the  setpoint  of  local  con- 
trollers in  proportion  to  changes  in  outside  air  temperature. 

10.3  SYSTEMS  INTERFACE 

10.3.1  Input  Requirements: 

Contact  Status  Sensor 

Hot  water  supply  temperature 
Hot  water  return  temperature 
Outside  air  temperature  (in  a single  location) 

10.3.2  Output  Requirements: 

Controller  reset  interface 

10.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  OAR  function  and  shall  be 
performed  during  continuous  EMCS  operation. 

10.4.1  The  operator  shall  designate  systems  to  be  controlled  by  the 
OAR  function. 

10.4.2  The  EMCS  shall  display  hot  water  supply  and  return  tem- 
peratures and  controller  setpoint  at  operator  request. 
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10.4.3  The  operator  shall  designate  two  outside  air  temperatures  and 
a corresponding  controller  setpoint  and  the  EMCS  shall  linearly  inter- 
polate between  these  two  input  values.  These  input  values  shall  be 
used  as  in  points  for  the  controller  reset  operation  and  temperatures 
outside  the  range  shall  have  no  effect  on  controller  setpoint. 

10.5  RELATIONSHIP  TO  OTHER  APPLICATIONS  FUNCTIONS;  The 
OAR  function  shall  operate  independently  of  other  EMCS  applications 
functions  except  that  OAR  shall  not  reset  controller  setpoints  of  sys- 
tems not  operating. 


10.6  FAILURE  MODE:  On  EMCS  failure,  the  hot  water  temperature 
controllers  under  OAR  control  shall  remain  at  the  setpoint  position  they 
were  at  at  the  time  of  the  EMCS  failure. 


11.0  START/STOP  OPTIMIZATION 


I 

\ 

i 
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11. 1 DEFINITION:  A Start/Stop  Optimization  (SSO)  function  shall  be 
provided  which  shall  automatically  start  and  stop  designated  systems 
based  on  a calculated  optimum  start  time  and  stop  time. 

11.2  OPERATION:  The  EMCS  shall  start  systems  designated  to  oper- 
ate under  SSO  control  at  times  calculated  by  the  EMCS  necessary  to 
start  the  system  in  order  for  certain  temperature  limits  to  be  reached 
before  building  occupancy. 

11.3  SYSTEMS  INTERFACE 

11. 3. 1 Input  Requirements: 

Status  Contact  Sensor 

Inside  space  temperature 

Outside  air  temperature  (at  a single  location) 

11.3.2  Output  Requirements: 

Start/Stop  Control  Interface 

11.4  OPERATOR  INTERFACE:  The  following  operator  related  activi- 
ties shall  be  provided  in  conjunction  with  the  SSO  function  and  shall  be 
performed  during  continuous  EMCS  operation: 

11. 4. 1 All  operator  related  activities  specified  in  paragraph  1.4  s^hail 
be  provided  for  SSO  operation. 

11.4.2  The  operator  shall  designate  systems  to  be  controlled  by  the 
SSO  function. 
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11.5  RELATIONSHIP  TO  OTHER  APPLICATIONS  FUNCTIONS:  The 
SSO  function  shall  override  time  scheduled  operation  function  operations 
for  systems  assigned  to  SSO. 

11.6  FAILURE  MODE:  On  EMCS  failure,  systems  assigned  to  SSO 
control  shall  revert  to  conventional  local  controls. 


i 

1 
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